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ABSTRACT
Land allocation use specialization is a forest management strategy designed to 
accommodate the wide array of values present on the forested landscape, having the 
potential to enhance both environmental and industrial uses of the forest. The details of 
such a strategy, however, are not fixed, being case specific. The challenge is to define 
the basis for zoning considering the multiplicity of values expected from each particular 
forestland base. Therefore, this work explores the implications of different zoning 
approaches for land allocation in the Prince George Forest District of central British 
Columbia, Canada. To do so, three objectives were set: a) evaluate the consequences 
of different zoning strategies on a specific forestland base; b) examine the effects of 
different area proportions among categories on the land use allocation; and c) explore 
how expected future climate change may affect land use allocation in the study area. 
The methodology consisted of defining the basic values expected by stakeholders from 
the forest land base and combining them using three different zoning approaches: 
three-zone, four-zone and multiple-zone. Results show that the zoning approach has 
major influences on the results, increasing spatial distribution and fragmentation with an 
increase in the number of zones. Furthermore, the increase in target area of a specific 
category results in its greater distribution over the landscape and better representation 
of the variety of landscapes found in the study area. Finally, climate change predictions 
can be proactively incorporated in land use plans, creating more robust land use plans. 
The methodology employed in this work enables the amalgamation of multiple sources 
of information to define forest values, it is flexible and it also provides spatially explicit 
allocation maps easy to assimilate.
Keywords: zoning, triad, climate change, land use plans.
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GLOSSARY
Byte range: is the range of integer numbers between 0 and 255. This type of data is commonly 
used in GIS because it does not require much hard disk space for storage and it provides 
an adequate range to describe most qualitative map data sets and remotely-sensed data. 
In the analyses performed here, the value 255 always represents the best value and 0 
corresponds to the worst one.
CLM: Joint Conservation and Light Management, a land use category from the four-zone
approach where to maintain ecological integrity only light management interventions are 
allowed.
DEM: Digital Elevation Model, a three dimensional representation of a landscape based on 
elevation data.
EBM: Ecosystem Based Management, one of the triad land use categories whose management 
regime aims to emulate natural disturbance regimes.
EC: Exclusive Conservation, a land use category from the four-zone approach where any type 
of man-made forest management is strongly discouraged.
GIS layer: A separation of mapped data usually representing a theme, such as roads, political 
boundaries, rivers, ecological zones, etc.
ID: Intensive development, a land use category from the four-zone approach that allocates 
lands most suitable for agriculture and mining, oil and gas development.
I/E ratio: Interior to Edge ratio, a spatial descriptor that characterizes how protected the interior 
of an area is from external disturbances (geographically speaking).
MCE: Multi-Criteria Evaluation, a decision support tool of the IDRISI® Taiga software that 
combines a set of criteria according to a specific objective.
MOLA: Multi-Objective Land Allocation, the IDRISI® Taiga decision support tool for solving land 
allocation problems through a compromised solution.
PGFD: Prince George Forest District.
Pixel: The smallest unit of a raster based image or map.
Triad: The three-category zoning strategy that sets forest reserves and intensively managed 
areas within a landscape mainly managed following the principle of ecological forestry.
VRI: Vegetation Resource Inventory, the airphoto-based inventory of all land features carried 
out by the BC Ministry of Forests, Lands and Natural Resource Operations.
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1. INTRODUCTION
Forests are dynamic ecosystems that encompass several natural values. For 
humans, the choice of which values are more important has constantly changed 
since the dawn of mankind. Nonetheless, due to the dynamic nature of forest 
ecosystems, they have been able to provide us with much of what we value as 
important. Lately, however, with the growth of human populations, forests have been 
exploited more intensively than ever before. This leaves us in a fine balance 
between what we believe is sustainable and what can lead to resource depletion. 
Because of this concern, new forest management strategies and techniques were 
created and improved. Each nation made these improvements at a different time 
and in a different manner, according to the necessity of protecting and controlling its 
forest resource.
In Canada, the use of the forests went through several changes over time. 
Initially First Nations were the only people managing the forests, using practices 
such as burning to enhance berry productivity and forage for hunted game (Lepofsky 
and Lertzman 2008). With the arrival of European settlers, lands were developed for 
agriculture and industry, increasingly putting more pressure on forest environments. 
Describing how the forest resource was utilized, Nault (1994) and Kimmins (2004) 
divide the forestry activity in four periods or stages to illustrate the changes in 
human perspective on how the forest resource was managed:
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a) preforestry: just the best trees in the forest were exploited for desired timbers, 
leaving behind what was considered less valuable. This phase lasted roughly 
from colonization to the 1930s;
b) administrative forestry: rules and regulations were put in place to improve 
practices, introducing management initiatives such as fire and insect control, 
forest regeneration and controlled access to the resource, but failed in 
achieving conservation and sustainability goals. It lasted until the 1990s;
c) ecologically based forestry: aimed to sustain the functional process of 
ecosystems and their productivity of conventional forest products, but does not 
include the social values desired by society. This stage took place in the
1990s; and
d) social forestry: incorporates the wide range of societal values into forestry 
planning and practices. In this system, also called sustainable forest 
management, forests should be managed with the objective to integrate values 
and functions in perpetuity. It started in the new millennium.
The sustainable forest management approach has been adopted as a 
strategy at the national level, with provinces refining the legislative details on how to 
manage their forests (Howlett and Rayner 2001, ABCFP 2008a). The principal goal 
of this strategy is to maintain environmental, economic and social values while 
creating a healthy forest resource for future generations -  the emphasis is on the 
balance of all values to manage the resource in a sustainable manner (Natural 
Resources Canada 2009). Within the multiplicity of values, timber is the most 
important one in British Columbia (BC), where timber related products account for
2
more than half of BC’s total exports (BC Stats 2006). In addition, demand for timber 
is expected to increase by about 70% in North America by 2030 (FAO 2009).
Despite its importance for the local economy and for the world’s wood supply, timber 
production is an activity not desired by many in both local and international 
populations. The necessity of large harvested areas to meet industrial needs and the 
potential impacts on ecosystems create a public demand for constant improvement 
and careful planning to minimize the impact of industrial logging.
Considering the upward trend in wood consumption (FAO 2009) and the 
concurrent increasing range of other values expected from forests (such as 
biodiversity, maintenance of water quality, wilderness, carbon sequestration, 
spiritual value, etc.), some authors (Vincent and Binkley 1993, Sahajananthan et al. 
1998) suggest that the multiple-use approach is inefficient when applied on a stand 
by stand basis. According to them, the concept of multiple-use should be applied 
across an entire forested landscape. Therefore, land specialization or forest zoning 
is advocated by many as one of the best ways to attend to these specific demands 
on a finite land base (Vincent and Binkley 1993, Binkley 1997, Sahajananthan et al. 
1998, Norfolk and Erdle 2005, Montigny and MacLean 2006).
1.1. Forest zoning
Forest zoning, land specialization or land allocation are terms used to specify 
a landscape-level forest management strategy where the forest is divided into zones 
with single and joint uses. These zones are areas on the land base where a 
dominant use is set to minimize the conflicts among competing uses, such as
3
between logging and wildlife habitat preservation or wilderness. The main purpose 
of prescribing areas with a specific primary use is to facilitate the maximization of net 
social benefits (Sahajananthan et al. 1998) or provide a full set of values at the 
forest level through the collective outcomes of all zones (Montigny and MacLean 
2006). In other words, it is claimed that the zoning process better accommodates the 
wide array of values present on the forested landscape, enhancing both 
environmental and industrial uses of the forest (Binkley 1997, Cot6 et al. 2010). 
Some reasons why forest land use specialization is a sound management approach 
are: (i) the land base is naturally heterogeneous and some areas have a 
comparative advantage for a primary use over other uses; (ii) the necessity of more 
intensively managed planted forests worldwide to supply the growing timber 
demand; and (iii) the increasing pressure to preserve forests for non-timber forest 
products and environmental services (Zang 2005).
1.2. Advantages of setting areas with dominant use
There are multiple advantages in assigning some dominant uses across the 
landscape. The first advantage is that this methodology is more efficient for 
managing the forest land base than managing every hectare for multiple products 
and values (Sahajananthan etal. 1998) as is done in British Columbia. These 
authors suggest that the production of goods and services from the forestland can 
be optimized through specialization, particularly when strongly competing products 
or services are involved. The other advantage, well summarized by C6t6 et al. 
(2010), is at the strategic or organizational level, because it provides clear, specific
4
and effective management directions, establishing a hierarchical order of uses within 
each zone. This would avoid the common preference for economic exploitation 
when conflicts with other forest users happen. One example is Conservation Area 
Design (CAD) for the inland temperate rainforest of Canada. Even though CAD work 
determines conservation priorities at a regional scale (Craighead and Cross 2004), 
areas within the defined corridors may still be selected for commercial logging. 
Another advantage is the opportunity to prioritize environmental protection in areas 
where visual and environmental amenity values are particularly sensitive 
(Sahajananthan et al. 1998). If placed in the proper zone, these areas could be 
protected from any activity with high environmental impact.
Setting areas with dominant use also concentrates timber activities on the 
landscape, minimizing anthropogenic fragmentation from harvesting and extensive 
road systems. It can also promote management investment for commercial timber 
production, reducing the land base necessary to maintain current levels of harvest, 
while affording better overall environmental protection (Binkley 1997, Sahajananthan 
et al. 1998, Cot6efa/. 2010).
1.3. Disadvantages of zoning
There are a few arguments that question the advantages of setting dominant 
uses across a specific landscape. The first problem is the argument that the use of 
zones must be attached to a flexible policy framework. As explained in Bogdanski 
(2000), the optimal zoning can change over time with changes in societal forest use 
desirability. The proposed solution by the same author is the creation of a well
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designed compensation policy that may ensure institutional flexibility with regard to 
zones.
Another difficulty is how to select the most appropriate number of zones for 
each specific forest land base. Due to the lack of practical examples, scenarios are 
usually restricted to methodologies better explored (such as the triad).
MacLean etal. (2009), characterizing the triad approach, describe other 
complexities associated with land use zoning. The appropriate proportion of each 
zone is the first mentioned point. There is a need for methods that could help 
choose the best proportion for each zone based on the mix of desired values. The 
second point relates to the implementation and monitoring processes that are 
expected to be more complex than current management regimes. The third point is 
the time required for results to be noticeable and the uncertainly of long-term 
commitment to management plans by government and industry. Another argument 
is that zoning may be a better suited for landscapes where more ecosystem-based 
management approaches are desired. Areas where much of the landscape is 
already under intensive management may not benefit from such strategy. Lastly, an 
effective communication of the objectives and limitations for each zone among 
constituencies is essential. Non-compliance with such rules would jeopardize all 
efforts and investments associated with the process.
1.4. Zoning approaches
The basic concept of land use zoning is to divide the land base into zones or 
land use categories of primary use. The total number of categories and their
proportions, however, are not fixed. The major goal of this strategy is to create the 
appropriate number of zones that represents the appropriate mix of values that 
forests can provide (Erdle 1999). The peculiarities of each land base should tailor 
the zoning approach. That may imply more than one zoning approach within the 
same jurisdiction.
Details on what is considered the best zoning formula vary among authors. 
Some foresee that the ideal zoning strategy is to divide the land base into three 
categories (the triad approach -  Seymour and Hunter 1992). Others defend the 
creation of several specialized categories (Province of British Columbia 2004), 
increasing the number of zones to ensure a better representation of all forest values. 
Each strategy will lead to different final results: the magnitude of the differences will 
depend on how categories are arranged, i.e., the number and proportion of land in 
each zone.
To better understand the tradeoffs of variation in the total number of zones 
and their proportions, studies must determine the specific conditions that bring major 
changes to the allocation process. This understanding would improve the 
predictability of zoning outcomes and it would also facilitate the applicability of the 
zoning approach to different regions.
1.5. Examples of zoning
There are several theoretical examples of zoning and a few practical ones. 
One of the theoretical examples is the work of Sahajananthan et al. (1998) that 
considered wildlife habitat and visual landscape values to select areas for timber
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production in the Revelstoke Timber Supply Area. Through the use of harvest 
scheduling and timber growth simulators, they demonstrated that the operable area 
necessary to obtain the same annual timber yield can be drastically reduced using 
zoning. This approach, however, only evaluated land allocation to one particular 
zone: timber management.
The work of Norfolk and Erdle (2005) was also theoretical, selecting intensive 
timber management zones on a specific land base in New Brunswick. In their 
exercise, a framework was created for ranking candidate areas based on their 
suitability for intensive timber management. Despite the inclusion of economic, 
ecological and social criteria, the proposed methodology was designed to allocate 
only timber management areas.
Craighead and Cross (2004) used the concept of zoning to create a 
conservation area design for the Inland Temperate Rainforest in British Columbia. In 
their analysis they spatially allocated conservation priorities on a regional scale. This 
approach also focused on the allocation of only one type of zone, in this case land to 
be set aside for conservation values.
MacLean etal. (2009) described three case studies where zoning was 
applied. In these places the triad system was the chosen approach -  a system that 
divides the land base into three pre-defined zones: reserves, extensively managed 
and intensively managed areas (see Chapter 4 for an extended definition). In the 
first case study, the triad was applied in the Maine (US) region in 1994. These zones 
were put in place at that time, but as these were private lands, they were bought by 
another company, discontinuing the original management objectives over time. The
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second case study was in New Brunswick. In this area, the company J.D. Irving Ltd. 
allocated 5% of the land base as reserves, 39% as intensive and 56% as extensive 
forest management: the result of the owner’s management strategy over the last 50 
years. Taking this already established real-world zoning example, Montigny and 
MacLean (2006) tested 64 scenarios varying the proportion of each zone category. 
Results explored the different effects on forest species composition, age class 
distribution, timber growing stock, harvest level and old-growth forest habitat. The 
overall conclusion was that the inclusion of intensive managed timber production 
areas provided major increases in timber yield and allowed the addition of reserve 
areas and old mixedwood habitat.
The third case study from MacLean et al. (2009) is the functional triad zoning 
in the Maurice region of central Quebec, as applied in the 2008-2013 management 
plan. This zoning was established through a multi-stakeholder process, with the 
allocation of 11 % of the land base for conservation, 20% for wood production and 
69% for ecosystem management. Following this approach, a cost savings of 10 to 
15% was predicted, due to reduced transportation costs, when compared to the 
previous management plan. Furthermore, greater harvest volumes are expected 
over the long term and more old-growth forests can be maintained. Overall, it is 
expected that this approach minimizes some of the negative impacts of forestry on 
the landscape, while maintaining timber supply over the long term (Cote et al. 2010).
Another practical example of zoning is the creation of resource management 
zones as part of a Land and Resource Management Plan (LRMP) in British 
Columbia. In the Prince George Forest District (PGFD), this high-level plan was
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approved by the Government of British Columbia in 1999, dividing the entire 
planning area into regions and setting management directions for each region. 
Figure 1.1 displays the actual resource management zones in the PGFD and Table
1.1 summarizes the management directions for each of those zones.
| Settlement - Agriculture 
H I Natural Habitat I S pecial Resource 
H i  Scenery-Recreation-I Management
H i General Resource Management 
B H i Enhanced Resource Management 
H I  Protection 
H i  City of Prince George 
I- 1 Existing paries
Figure 1.1 -  Resource management zones established by the Prince George land 
and resource management plan (Province of British Columbia 2004)
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Table 1.1 -  Management directions for the resource management zones in the Land 
and Resource Management Plan for the Prince George Forest District.
Zones Objectives
Settlement and Manage crown lands consistently with the historic pattern of
agriculture agriculture and settlement. Other resource development and 
enhancement activities which are compatible with priority 
objectives are permitted.
Natural habitat Areas with sub-regional to provincial significance for plant and 
animal habitat and/or community watersheds.
Scenery- recreation Areas with sub-regional to provincial significance for scenery and 
recreation values.
General resource Manage with specific strategies to integrate a wide array of
management resource values.
Enhanced resource Manage for development of resources such as timber and
management minerals while minimizing impact on other resource values.
Protection These lands are protected for their natural, cultural heritage 
and/or recreation values.
As observed, the LRMP is a high-level plan that sets general management 
directions to each zone, encouraging, but not restricting, the development of specific 
activities.
1.6. Purpose of the study
As previously described, the zoning approach to sustainable forest 
management is not well accepted by all. The limited amount of zoning examples, 
especially bringing regional particularities to play, makes it still mostly an 
experimental approach. Zang (2005) expresses this type of argument saying:
“It is difficult to quantify how much land should be allocated for specialized 
uses and how intensive the specialization should be.” (Zang 2005, p. 152).
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To help define figures for land allocation, studies need to separate the effects 
of changes in the initial assumptions and observe the consequences on the final 
results. I believe this will be achieved when variables are scrutinized and evaluated 
first one at a time, and then in combination. This is the general purpose of this 
thesis: to explore zoning scenarios for a specific region.
1.7. Hypotheses
Two hypotheses were tested in this study. The first one is that the zoning 
approach influences the final allocation results. In other words, for a given set of 
variables established at the beginning of the allocation process, depending on how 
they are combined, the final allocation results can be quite different.
The second hypothesis states that it is possible to include climate change 
projections in zoning scenarios. The inclusion of one or more surrogate variables for 
climate change may be possible through the use of the proposed methodology.
1.8. Objectives
Designed to help with strategic land use plans, this thesis explores the 
implications of different approaches for land allocation in the Prince George Forest 
District, of central British Columbia, Canada (Figure 1.1). The overarching goal is to 
analyse the tradeoffs of partitioning the land base in areas with pre-established 
primary uses while considering the multiplicity of values naturally held by forests. To 
scrutinize this goal, three objectives are implemented:
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Objective 1: Evaluate the consequences of different zoning strategies on a specific 
forestland base. This analysis intends to examine the influence of the initial 
number of zones on the distribution and characteristics of the final land use 
categories. The goal is to look at how the forest values are arranged and 
distributed across the land base when the number of zones changes;
Objective 2: Examine the effects of different area proportions among categories on 
the final land use allocation. This objective investigates how much influence the 
initial proportion of each land use category has on the final distribution of zones 
across the landscape. It also discusses pros and cons of increasing the 
proportions of specific zones;
Objective 3: Explore how to include expected future climate changes and how this 
inclusion may affect land use allocation in the study area. This is a comparison 
between creating land allocation scenarios considering the current forest 
composition/distribution and then considering the projected climate condition of 
2085.
1.9. Work outline
To fulfill the proposed objectives this thesis is divided into six sections 
(Chapters 2 to 7). For contextualization, the next chapter describes the local 
geography, vegetation and associated wildlife, followed by an economic 
characterization of the region. This section is designed to characterize the 
peculiarities of the region to allow their proper consideration when analysing the 
results of this study. In chapter 3 the resource values expected from forests in the
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study area are characterized. The goal is to compile a list of the key groups of 
resource values associated with forests for the study area that should be considered 
in a land use planning exercise. Chapter 4 evaluates the influence that the total 
number of zones has in the distribution and characteristics of the final land use 
categories. The purpose in this portion is to analyse how much influence the initial 
number of zones has on the final allocation of the established land use categories 
across the landscape. This analysis is a static assessment of the current forest state 
and does not include the influence of natural disturbances. Four measurable 
variables were analysed (performed in ail scenarios): the allocation in terms of 
spatial distribution, fragmentation and stand structure. After analysing the tradeoffs 
regarding the initial number of zones, the next step is to examine the effects of 
different initial area proportions among all involved categories in the final distribution 
and characteristics of the land categories. This is the central theme of chapter 5, 
where the triad approach is used to test multiple initial area proportions.
With the basic variables for zoning characterized, namely number of 
categories and proportions among them, the uncertainties about future climate 
change are examined. In chapter 6, the projection of future climate is incorporated in 
the analysis to explore possible consequences of projected climate assumptions on 
the final allocation of zones. The goal is to find ways of incorporating projected 
climate assumptions into current land use planning.
To complete this study, chapter 7 summarizes the conclusions and 
recommendations based on the combined previous sections. This final portion 
explores some possible ways to include the research findings in land use planning
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and their tradeoffs. It emphasizes how changes in the core variables for zoning can 
be proactively incorporated in land use plans.
1.10. Important considerations and key assumptions
It is important to discuss, beforehand, a few considerations concerning this 
study. First of all, in this thesis, the term land allocation is applied as the designation 
of a specific stand (polygon) or group of stands for a primary use, in a non-perpetual 
regime. This means a specific primary use, such as intensive timber management or 
wildlife habitat, will be set for an area for at least a few decades until the forest 
condition is reassessed and verified. At that time, the initial land allocation may be 
changed if it no longer is the best use for the area. This is a way of accounting for 
changes in human values and natural forest dynamics that could be induced by 
climate change, for example. This flexible framework facilitates the inclusion of new 
information or evolved societal desirability regarding forest use -  the basis for an 
adaptive management strategy (McAfee et al. 2006).
Secondly, this is a computational exercise that is intended to give a better 
understanding about possible scenarios when allocating lands for a specific 
purpose. Typical of computer models, the results from these simulations are not real 
and should not be considered as such. It should be recognized that there are 
limitations in many aspects of these models, including the range and precision of the 
data. Factors such as scale of the GIS data, resolution of planning units and 
complexity of the issues are some other examples that contribute to the limitation of 
this type of analysis (Orland et al. 2001). Since computer models seem to minimize
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uncertainties, ambiguities or indeterminacies (Orland et al. 2 0 0 1 ), studies of this 
nature are useful to understand the dynamics of tradeoffs, providing land use 
planners with an extra resource for analysis at a strategic level.
Thirdly, this planning exercise is based on literature and legislation in place to 
define all the parameters and constraints. A few key publications were reviewed for 
each subject and no direct public inquiry was performed to evaluate stakeholders’ 
preferences. The major assumption is that information already published expresses 
society’s preferences and constitutes the best representation of environmental 
parameters at that time. Examples of published information include the best areas 
for agriculture (BC Ministry of Environment 2007, BC Agricultural Land Reserve 
Commission 2010), types of recreation conducted within the district (BC MFR 2001, 
Tourism BC 2005), characteristics of good wildlife habitat (BC MELP 2001, Ciarnello 
2002, Craighead and Cross 2004, Rea and Child 2007, Walker etal. 2006, Hins et 
al. 2009), etc. To select the information used in this study a blend of reports and 
publications from governmental agencies, academic sources and non-governmental 
organizations were used. The assumption is that the chosen mix fairly represents 
most current biological, social or economic interests.
Finally, the analysis relies on extant data. Even though different scenarios are 
hypothesized during the course of this work, the basic information is always based 
on published information -  a function of the available knowledge. It also considers 
the data to be accurate and that they portray the most up to date information. Extant 
information about projected climate, timber demand or the optimum range for 
selected wildlife species are some examples of knowledge that may change as our
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understanding about nature and society evolves. Also, not previously accounted 
values or the use of new technologies may also be used to refine this type of 
planning exercise. As a result, any new information should be incorporated into a 
new dataset and the analysis run again, resulting in more accurate outcomes for the 
new level of available knowledge.
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2. STUDY AREA
This section describes the main features of the study area, including 
geography, vegetation, values associated with these forests and economic profile of 
the region. For the purpose of this analysis some areas within the Prince George 
Forest District received a few special considerations:
• Land inside the City of Prince George municipal boundaries was not included 
in the analysis. In these areas, the management regime applied in the urban 
forest is different from the management direction for the rest of the District. 
Even the Community Forest Agreement within the City boundaries, which 
allows for some harvesting and provides some forest values, has a different 
overarching goal when compared with the Forest District. The other 
Community Forest Agreement within the District is held by the Lheidli T'enneh 
First Nation. These lands are located northeast of the city of Prince George, 
as well as having some lands within the City boundaries. This exercise 
acknowledges that differences in terms of objectives may exist between the 
Lheidli T'enneh Community Forest Agreement and the District management 
goals. However, to facilitate the interpretation and visualization of the results, 
the community forest areas outside the City boundaries were included as part 
of this planning exercise.
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• The second type of area that received special consideration was the tree farm 
licence (TFL). The two tree farm licenses within the Forest District (TFL 30 
and TFL 53) were considered a special type of timber management area. The 
TFLs are agreements where the tenure holder is responsible for virtually all 
the management processes and activities within the tenure, including forest 
inventory and strategic planning (BC MFR 2005). Furthermore, vegetation 
data available for TFLs do not contain all the same attributes as the rest of 
the Forest District. Thus, as these areas could not be processed the same 
way as other lands in the Forest District, it was decided to just display these 
areas as an extra zone (the TFL timber management zone) for the zoning 
approaches considering current climate conditions (chapters 4 and 5). As the 
TFLs are tenures that have a maximum term of 25 years, they were not 
considered as a separated zone under the scenario that includes climate 
change projections (chapter 6 ). Further explanations about the role and 
restrictions of including or not the TFLs in the analysis are given in the 
respective chapters.
2.1. Geographic description
The City of Prince George is the regional center in British Columbia’s central 
interior (Figure 2.1). With an estimated population of over 83,000 people in the 
metropolitan area (based on 2006 census agglomeration -  Statistics Canada 2008), 
this is the largest community outside of the southern part of the province. The City is 
the administrative centre for the Prince George Forest District. The District is the
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focus of the present study and covers a total area of 3.4 million hectares (about 
three million hectares when the TFLs and Prince George City are excluded). The 
district also includes a few small communities: Hixon, Bear Lake, McLeod Lake, 
Willow River and Dome Creek. There are also two aboriginal communities in the 
District, the Lheidli T'enneh and the McLeod Lake Tse’Khene First Nations.
Legend
|™  ] Province of British Columbia 
H H j  Prince George Forest District
George
into1,000 Kilometers
Figure 2.1 -  Location of the Prince George Forest District in British Columbia, 
Canada.
The landscape of the District falls mainly in the Northern Interior Plateau 
(McGillivray 2005), with its eastern boundaries in the Rocky and Cariboo Mountains
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(Province of British Columbia 2004). Differences in elevation (Figure 2.2) create 
specific environmental conditions across this landscape. The rolling plateau that 
occupies the south and west portions of the district is usually dry (about 600 mm of 
annual precipitation with 240 cm of snowfall). On these areas mean annual 
temperature is approximately 3°C, with mean temperature for the coldest month of - 
12°C and mean temperature for the warmest month of 15°C. The foothills and 
mountainous terrains in the northern and eastern parts of the District create, in 
general, a wetter climate (annual precipitation over 1000  mm and snowfall ranging 
from 400 to 780 cm). The mountainous areas are slightly cooler than the plateau, 
with mean annual temperature about 1°C. The mean temperature for the coldest 
month is approximately -10°C and the mean temperature for the warmest month is 
approximately 12°C. These climatic and relief characteristics are components of the 
biogeoclimatic ecosystem classification system (BEC zone system), explained in 
more detail later (Pojar and Meidinger 1991, Province of British Columbia 2004).
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Figure 2 .2 -  Landscape details of Prince George Forest District, British Columbia. 
Gray lines represent 200m line contours. The darker the gray, the greater is the 
elevation.
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2.2. Vegetation and associated wildlife description
This section details the natural environment of the study area, describing the 
current vegetation component along with the occurrence of major large animals.
This description is based on BEC zones descriptions by Meidinger and Pojar (1991), 
reflecting the ecosystem classification developed for British Columbia based on 
climate, soil and vegetation data. It represents classes of ecosystems under the 
influence of the same regional climate. Basically the zones are named after the 
dominant or climax tree species in the zonal ecosystem, followed by the precipitation 
and temperature regimes. As a refinement for this classification, each zone can be 
divided into subzones, to capture further differences in climate and zonal plant 
associations. Within each subzone, specific vegetation characteristics differentiate 
variants. This system allows the classification of forest stands to a very refined level. 
For the purpose of this work, different levels of BEC information are used, 
depending on the type of information required in each section. As an example of 
macro-level classification, Figure 2.3 shows the five BEC zones found within the 
study area. Their names, codes and land areas are portrayed in Table 2.1.
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Figure 2.3 -  Current distribution of biogeoclimatic zones within the study area. BEC 
zone acronyms stand for: AT, Alpine Tundra; ESSF, Engelmann Spruce -  
Subalpine fir; ICH, Interior Cedar-Hemlock; SBPS, Sub-Boreal Pine -  Spruce; 
and SBS, Sub-Boreal Spruce.
Table 2.1 -  Biogeoclimatic zone area composition within the region o f s tud y- shown 
values include the TFLs and Prince George City areas.
BEC zone Code Area (ha) Area (%)
Alpine Tundra AT 105,107 3.1
Engelmann Spruce -  Subalpine Fir ESSF 854,217 25.2
Interior Cedar -  Hemlock ICH 201,360 5.9
Sub-Boreal Pine -  Spruce SBPS 3,763 0.1
Sub-Boreal Spruce SBS 2,230,940 65.7
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Overall, most of the plateau area falls in the SBS zone, while mountainous 
areas are in the ESSF and Alpine Tundra zones and the lower slopes (and 
elevations) in the ICH zone. This distribution of zones follows the topographic 
differences occurring across this landscape (elevation profile in Figure 2.2). A 
detailed characterization of each BEC zone is provided below.
a) Alpine Tundra Zone (3.1% of the study area)
This zone occurs on average above 1800m elevation in the study area, 
comprising the top of mountains. According to Pojar and Stewart (1991) the climate 
is cold, windy and snowy, with a frost-free period of 21 days. The mean annual 
temperature ranges from -4 to 0°C, with 7 to 11 months below 0°C and frost can 
occur at any time. The mean annual precipitation is between 700 and 3000 mm, 
where 70 to 80% falls as snow.
The surface of this zone has two major components: a vegetated and a non­
vegetated one. The non-vegetated parts comprise rocky surfaces, ice and snow- 
covered areas (making up about 70% of the area). The vegetated portion is mainly 
treeless, with shrubs, herbs, bryophytes and lichens as dominant vegetation (Pojar 
and Stewart 1991).
Because of the harsh winter environment, this region is not attractive to 
wildlife in general. Mountain goats [Oreamnos americanus Blainville], mountain 
caribou [Rangifer tarandus Linnaeus] and stone sheep [Ovis dalli Nelson] are the 
main animals able to winter in this region. During summertime, however, the variety 
of wildlife increases considerably. Grizzly bear [Ursus arctos horribilis Ord.], gray
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wolf [Can/s lupus Linnaeus], wolverine [Gulo gulo Linnaeus], red fox [Vulpes vulpes 
Linnaeus], hoary marmot [Marmota caligata Eschscholtz], Arctic ground squirrel 
[Urocitellus parryii Richardson], least chipmunk [Neotamias minimus Bachman], 
Siberian lemming [Lemmus sibiricus Kerr] and a variety of birds find a home in this 
zone (Pojar and Stewart 1991, BC Ministry of Forests 1998a).
This zone is also frequently used as a recreation arena. The mountainous 
terrain and high snowfalls create an excellent environment for backcountry skiers 
and snowmobilers. Camping, horseback riding, hiking and hunting are also activities 
practiced in those locations in the summer and fall (BC Ministry of Forests 1998a).
b) Engelmann Spruce -  Subalpine Fir Zone (25.2% of the study area)
The ESSF is the uppermost forested zone, coming just below (elevation wise) 
the Alpine Tundra zone. In the study area, it is steep and rugged terrain, occurring 
above the ICH and SBS zones. In terms of climate, it is cold, moist and snowy, with 
a mean frost-free period of 75 days. The mean annual temperature ranges from -2 
to +2°C, with 5 to 7 months below 0°C. Precipitation is quite variable in this zone, 
ranging from 500 to 2200 mm, where 50 to 70% falls as snow (Coupe etal. 1991).
This zone makes the transition to a forested environment below the Alpine, 
with Engelmann spruce [Picea engelmannii Parry ex Engelm.] and subalpine fir 
[Abies lasiocarpa (Hooker) Nuttall] as climax tree species. At lower elevations 
spruce typically dominates the canopy, with subalpine fir in the understory. At higher 
elevations and in wet areas, however, subalpine fir frequently dominates the canopy. 
Lodgepole pine [Pinus contorta Douglas] is another important serai species, typically
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present in the zone after fire disturbances. Broadieaf tree species are uncommon in 
this zone (Coupe et al. 1991).
There are seven ESSF subzones/variants present in the study area. They 
include moist and wet associations: Table 2.2 breaks down the types of subzones 
and variants present within the zone. Differences in precipitation and temperature 
change the vegetation composition, creating specific dynamics among plants and 
between plants and wildlife. One example of this difference can be observed 
between moist and wet regimes, where moist regimes have greater incidence of fire 
disturbances, allowing the vegetation to be dominated by more lodgepole pine trees 
rather than fir or spruce.
Table 2 .2 -  Breakdown of subzone and variant composition for the ESSF zone in 
the study area. The parkland variant occurs at the upper limit o f the mm, mv 
and wc subzones, in the transition between the ESSF subzone and the alpine 
zone.
BEC zone Subzone Variant Area (ha)
Engelmann Spruce -  Subalpine Fir moist mild (mm) parkland 2,179
(ESSF) 1 1,997
moist very cold (mv) parkland 2,643
1 4,193
2 12,038
3 2,575
wet cold (wc) parkland 160,426
3 235,427
very wet cool (vk) 1 149,218
2 283,541
In general, wildlife is attracted to this zone because of the wet, cool summers, 
long cold snowy winters and steep topography. Mountain goats and caribou winter in
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this environment, while other animals, such as Rocky Mountain bighorn sheep [Ovis 
canadensis Shaw], stone sheep, elk [Ce/ws canadensis Erxleben], wolverine, 
moose [Alces alces Linnaeus], mule deer [Odocoileus hemionus Rafinesque], white­
tailed deer [Odocoileus virginianus Zimmermann] and furbearers avoid winter in 
areas with heavy snowfall. This zone is important for caribou especially where 
adjacent to the Interior Cedar -  Hemlock zone, due to the species’ dependency on 
arboreal lichens during the winter. Grizzly and black bears [Ursus americanus 
Pallas] also inhabit this zone during spring, summer and fall (Coupe et al. 1991, 
DeLong etal. 1994, DeLong 2003). The subalpine parkland, along with the 
meadows, forms an important late winter habitat for caribou and a valuable summer 
range for much of the described wildlife component (Coup6  et al. 1991).
Logging, fur harvesting, hunting, skiing, hiking and camping are important 
activities in this zone. Many provincial and national parks occupy scenic parts of the 
ESSF (Coup6 etal. 1991).
c) Interior Cedar -  Hemlock Zone (5.9% of the study area)
This zone, also known as interior wet belt, is situated in the lower slopes, 
covering the southeast portion of the study area. It is considerably warmer and 
slightly drier than the ESSF zone, with mean annual temperature between 2 and 
8.7°C and with 2 to 5 months below 0°C. The mean annual precipitation is between 
500 and 1200 mm, of which 25 to 50% falls as snow (Ketcheson etal. 1991). The 
subzone and variant composition of this zone is described in Table 2.3.
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Table 2 .3 -  Breakdown of subzone and variant composition for the ICH zone in the 
study area.
BEC zone Subzone Variant Area (ha)
Interior Cedar -  Hemlock wet cool (wk) 3 30,160
(ICH) 4 39,179
very wet cool (vk) 2 132,020
The vegetation in this zone is the most diverse in the District, with western 
redcedar [Thuja plicata Donn ex D.Don] and western hemlock [Tsuga heterophylla 
(Raf.) Sarg.] dominating most mature climax forests. Interior hybrid spruce [Picea 
engelmannii x glauca] and subalpine fir are also a common part of the climax 
composition for these forests with lodgepole pine being a minor component. In 
several associations trembling aspen [Populus tremuloides Michx.] and paper birch 
[Betula papyrifera March.] are common serai species, with cottonwood [Populus 
trichocarpa Torr. & A.Gray] restricted to moist to wet parts of this ecosystem 
(Ketcheson etal. 1991).
This is one of the most productive zones in the interior of British Columbia for 
wildlife species. It is a great habitat for black and grizzly bears, where they can have 
high-protein and high-energy diets and also find suitable places for hibernation. 
Caribou use these areas in the late summer and early fall before moving to the 
ESSF for the winter. Moose are also present in these areas, because of the 
abundant supply of forage and protection from deep snow by the tree canopies. In 
addition, a variety of birds, insects and amphibians use this environment as living 
and breeding grounds (Ketcheson etal. 1991).
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Logging is the primary economic activity in this zone, especially because of 
the high tree species diversity and highest productivity in the interior of the province. 
Moreover, this zone is important for recreational activities, including hiking, fishing, 
hunting and skiing. There is a low suitability of these lands to agriculture and range -  
the former because of topographic constraints and latter due to the lack of proper 
forage (Ketcheson et al. 1991).
d l Sub-Boreal Pine -  Spruce Zone (0.1 % of the study area)
This zone occurs only in the far southwest of the district, occupying a small 
area (about 3,762 ha). It results from the rain shadow influence of the Coast 
Mountains. It has cool and dry growing seasons, with mean annual temperatures 
between 0.3 and 3.7°C and experiences 4 to 5 months below 0°C. The mean annual 
precipitation range is between 335 and 580 mm, with 30 to 50% falling as snow. Due 
to climate conditions and the history of fire disturbances, conifer forests dominate 
this landscape, with lodgepole pine being the most common tree species (Demarchi 
1991).
There are two subzones present in the study area: the SBPSdc (dry cold) and 
SBPSmk (moist cool). Even though white spruce [Picea glauca (Moench) Voss] is 
the theoretical climax species in the SBPS zone, its prevalence depends on the 
specific climate conditions and length of time from the previous disturbance. In the 
dry subzone, for example, pine usually covers almost the entire landscape 
(Demarchi 1991) because these trees are able to thrive in habitats too harsh for 
other species (Keeley and Zedler 1998), a phenomenon known as a physiographic
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climax (Oliver and Larson 1996). When conditions are less harsh, such as in the 
moist cool subzone, other tree species are able to grow and compete for resources. 
In this case, interior spruce and trembling aspen can form cohort stands with 
lodgepole pine. Douglas-fir [Peudotsuga menziesii (Mirb.) Franco], subalpine fir, 
black spruce [Picea mariana (Mill.) Britton, Sterns & Poggenburg] and black 
cottonwood occasionally occur in this zone, but generally they require specific, less 
restrictive conditions (Demarchi 1991).
This zone is inhabited by many wildlife species, especially those that avoid 
long and cold winters. The animals that live in this environment include moose, 
caribou (even though it provides poor forage for ungulates), black bear, beaver 
[Castor canadensis Linnaeus], muskrat [Ondatra zibethicus Linnaeus], red squirrel 
[Tamiasciurus hudsonicus Erxleben], porcupine [Erethizon dorsatum Linnaeus], gray 
wolf, coyote [Canis latrans Say], red fox, lynx [Lynx lynx Linnaeus] and a wide 
variety of bird species (Demarchi 1991).
This zone has an overall low productivity rate for timber production, along 
with a low capability for agriculture. The drier parts of this gentle terrain are the focus 
of many mechanized timber harvesting processes while the wet portions are used 
for hay production. Moreover, the fur harvest practiced in this zone is among the 
highest in the province. Other common activities in this zone include fishing, hunting 
and horseback riding (Demarchi 1991).
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e) Sub-Boreal Spruce Zone (65.7% of the study area)
This is the dominant zone within the study area, encompassing ten SBS 
subzones/variants (Table 2.4). It has a continental climate with severe snowy 
winters, relatively warm, moist and short summers, and moderate annual 
precipitation. The mean annual temperature ranges from 1.7 to 5°C with 4 to 5 
months below 0°C. Mean annual precipitation is between 440 and 900 mm, of which 
25 to 50% falls as snow (Meidinger et al. 1991).
Table 2 .4 -  Break down of subzone and variant composition for the SBS zone in the 
study area.
BEC zone Subzone Variant Area (ha)
Sub-Boreal Spruce (SBS) dry warm (dw) 1 28,569
2 126,871
3 276,611
moist hot (mh) - 23,201
moist warm (mw) - 81,834
moist cool (mk) 1 591,882
moist cold (me) 2 8,518
3 2,737
wet cool (wk) 1 634,299
very wet cool (vk) - 456,418
The vegetation is dominated by coniferous forests, with hybrid spruce and 
subalpine fir as dominant climax tree species. Other tree species are also abundant 
in these forests, including lodgepole pine (in the dryer parts of the zone and 
dominating large areas after wildfires), trembling aspen (also a pioneer species), 
paper birch (in moist and rich sites), Douglas-fir (as a late serai species on dry,
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warm and rich sites), black spruce and black cottonwood (in the floodplains of rivers 
and streams) (Meidinger et al. 1991).
The SBS zone is the centre of abundance of moose in British Columbia. 
These animals are able to use their large bodies and long legs as an advantage to 
maintain heat and reduce the energetic costs of locomotion in the deep snow. The 
old-growth forests in this zone not only benefit moose with thermal and hiding cover, 
but also act as an early winter habitat for caribou when adjacent to the ESSF zone. 
This environment is also inhabited by gray wolf, fisher [Maries pennanti Erxleben], 
marten [Maries americana Turton], ermine [Mustela ermine Linnaeus] and a number 
of bird species (Meidinger etal. 1991). According to DeLong (2003), elk, mule deer, 
white-tailed deer and grizzly bears also occur in this zone.
These productive forests have timber harvesting as the primary resource in 
this zone, with hunting and trapping being other significant resources. Along major 
rivers and on warmer sites, some cereal and hay crops, as well as cattle are 
produced, but in general agriculture in this zone is limited by the cold climate or the 
terrain condition (hilly, stony or poorly drained). Regarding outdoor activities, 
besides camping, cross-country skiing and snowmobiling, the river system and the 
presence of large natural lakes create unique opportunities for fishing and 
recreational boating in this zone (BC Ministry of Forests 1998b).
2.3. Economic profile
The economic profile of the region is characterized in two parts: the City of 
Prince George and the Forest District as a whole. This differentiation is necessary
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because an overall characterization would give a skewed impression on how much 
the City and small communities depend on the forest resource. Furthermore, this 
detailed characterization facilitates the process of land use allocation during the 
modeling phase. As a base for discussion, Table 2.5 displays comparative 
employment figures by sector for both the district and the city.
Table 2 .5 -  Number o f jobs by sector for the Prince George Forest District and
Prince George City, highlighting the proportion of jobs in the City [2006 data].
Economic sector
Entire PG 
Forest 
District1
PG
City2
Proportion 
of jobs in 
the City
Prop, of 
jobs in the 
rest of the 
Forest 
District
All sectors-total 48,455 40,865 84.3% 15.7%
Forestry and logging 1,575 1,185 75.2% 24.8%
Support activities for forestry 770 575 74.7% 25.3%
Wood product manufacturing 2,855 2,090 73.2% 26.8%
Pulp and paper 1,340 1,170 87.3% 12.7%
Mining, oil and gas activities 370 310 83.8% 16.2%
Construction 3,115 2,365 75.9% 24.1%
Wholesale trade 2,185 1,850 84.7% 15.3%
Retail trade 5,435 4,700 86,5% 13.5%
Transportation and warehousing 3,405 2,645 77.7% 22.3%
Professional, scientific and technical 2,410 2,030 84.2% 15.8%
services
Administrative and support services / 1,740 1,490 85.6% 14.4%
waste management and remediation 
services
Educational services 3,435 2,975 86.6% 13.4%
Health care and social assistance 8,630 4,470 51.8% 48.2%
Arts, entertainment and recreation 780 700 89.7% 10.3%
Accommodation and food services 3,830 3,455 90.2% 9.8%
Other services (excluding public service) 2,335 1,945 83.3% 16.7%
Public administration 2,675 2,335 87.3% 12.7%
Sources:1 BC MRF (2010);2 BC Stats (2010).
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2.3.1. The City of Prince George
Using the employment figures as a surrogate indicator for economic activity, 
one can see that 18.8% of the city’s economy directly depends on the goods- 
producing sectors (Table 2.5, from forestry to construction). The remaining 81.2% of 
the jobs in the city are in service sectors. This profile is an indication that the City’s 
economy today is mainly knowledge-based -  a recent change from how the 
economy was traditionally based. When characterized historically in a 20-year 
review of employment numbers (1988 to 2008), one notes that the contribution of 
the primary sector declined about 49% during this period, whereas the tertiary sector 
increased 31% (Initiatives Prince George 2009). Reduced levels of forestry and 
logging, along with their support activities, were responsible for over two-thirds of 
this decline.
Within the 18.8% that the good-producing sector contributes to employment 
share, about 5.1 % of the jobs come from some type of resource extraction, what 
includes forestry, mining, oil and gas (2006 data -  Initiatives Prince George 2008,
BC Stats 2010). When forestry, wood-products and pulp and paper manufacturing 
are added together, the contribution of these sectors to the City’s workforce was 
about 12.3% in the same year (Initiatives Prince George 2008). These resource- 
based activities have an average income higher than the average for all sectors 
together. Forestry, for example, has an hourly wage rate that is 20% higher than the 
average for the City (BC Stats 2006). These figures show that even with the late 
retraction in primary and secondary industry sectors, activities related to forestry and 
wood-processing are still important and desired players in the City’s economy.
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2.3.2. Prince George Forest District
Regarding the economic sectors of the District, 20.7% of the jobs in 2006 
were tied to goods-producing sectors and the remainder 78.3% to service sectors. 
This means the rest of the District (excluding PG City) is responsible for 23.2% of 
the goods-producing in the district. This proportion confirms that resource extraction- 
based activities are proportionally more important to the rural residencies and small 
towns in the District. In fact, according to Table 2.5, the industries that are 
proportionally more important to small communities are forestry, logging and their 
support activities, wood product manufacturing, construction, transportation and 
warehousing, health care and social assistance. These industries proportionally 
allocate more jobs in small urban centres.
In addition to the important contribution for the employment in the District, 
resource-based activities have a greater indirect/induced employment ratio than 
most other sectors. This ratio is not only an estimation of the indirect or induced 
jobs, but also an estimation of the spending effect, based on the level of income 
associated with each sector. This is a way to account for the level of income per job 
brought into the region (BC MFR 2010). According to Horne (2009), the dominant 
basic income source for this region is forestry and wood processing.
Another possible way of accessing the employment figures is through 
estimates of economic dependency, or the level of income introduced into the local 
economy by any single sector. In these terms, forestry is responsible for 26% of the 
income in the district, and the sector that includes oil and gas, mining and mineral 
processing is responsible for another 3% (BC MFR 2010). The same report also
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shows a comparative analysis with other districts regarding the vulnerability to 
downturns in the forest sector. In that comparison, the Prince George Forest District 
is rated as moderately vulnerable to downturns -  mainly due to economic diversity 
that has been created lately in the city (where the majority of jobs are). These 
figures show that the forestry sector has an important contribution to the economy of 
the district, but without a vital dependency.
In terms of employment stability, the labour force for the forest industry as a 
whole is in a downward trend. Between 2001 and 2006 this district experienced a 
decrease of 4% in its labour force in direct forest industry jobs, even though harvest 
levels in the district increased by 36% in the same period. The labour force decrease 
is a consequence of the recent investments to improve mill efficiency (BC 
Competition Council 2006), using fewer workers for the same amount of processed 
wood. This trend is not likely to change. Two factors contributing to this trend are 
economies of scale and the availability of new technologies. In both cases, the 
industry increases its use of processing technology and reduces human labour input 
(Nanang and Ghebremichael 2006). As a result production costs tend to be reduced 
and employment tends to go down.
The increase in harvest levels, however, does not reflect a longer term trend. 
The 2000-2008 period trend starts with about 5.4 million m3 in 2000 with a 2005 
peak in harvest levels of about 8 .8  million m3, then decreasing from this level to 
about 5.6 million m3 in 2008 (BC MFR 2010). The mentioned peak was caused by a 
combination of good market conditions and the increase in the harvest allowance by 
the provincial government due to the mountain pine beetle [Dendroctonus
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ponderosae Hopkins] infestation. The increase in harvest was a measure to salvage 
dead timber in the region before the wood lost its commercial value. After this peak, 
global wood markets experienced a downturn with a consequent reduction in the 
demand for wood, decreasing harvest levels (FAO 2007, Forest Innovation 
Investments 2008).
2.4. Conclusions
The Prince George Forest District is a region that presents challenges when 
submitted to any type of strategic planning. The land use planning process in this 
region should account for a diverse landscape, with multiple vegetation and wildlife 
assemblages, and also economic peculiarities. Because of these reasons, the 
simulation of different forest zoning scenarios in such a region is an exercise that 
can enlighten planners about consequences of tradeoffs during the land allocation 
process.
Within the area of 3.4 million hectares, the average population density for the 
whole district is small (approximately 2.4 people/square km). This population is 
mainly located in the City of Prince George (84%), with the remaining portion (16%) 
living in small communities or First Nation reserves. Not just the number of people 
living in the city differs from the number residing in small communities, but also the 
economic profile has peculiarities in each of these locations. The City of Prince 
George is going through a major change in the degree of dependence on the forest 
sector for direct jobs. The City is transforming to a knowledge-based economy, 
engaging fewer jobs in the goods-producing sectors. Rural residents and small
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communities within the District, however, have a greater dependency on the forest 
resource. When compared to the City profile, except for pulp and paper 
manufacturing, all other goods-producing industries have a bigger proportional share 
in the District employment. Therefore, the smaller variety of job options in small 
towns and rural areas makes the forest resource an important source of direct jobs 
to these communities.
Due to market fluctuations, changes in demand for these types of products 
and the dependency on foreign markets, the production of wood products constantly 
has oscillations. Even considering the softwood timber supply affected by the 
mountain pine beetle infestation (BC MRF 2010), the forest sector likely will keep its 
important economic contribution to the region in the future, because: a) the industry 
in the interior of British Columbia has been historically dominated by softwood 
lumber production, along with varying levels of secondary processing (BC 
Competition Council 2006, Forest Innovation Investments 2008); and b) this sector 
is mainly exported-based and the world’s demand and consumption for wood-based 
products is steadily increasing (FAO 2009).
Regarding the geographic aspects of the region, Figures 2.2 and 2.3 show 
the landscape diversity across the study area creates crucial differences in 
vegetation, which are reflected in associated wildlife abundance and species 
composition. As a consequence, to properly allocate land use categories across this 
landscape, several factors should be taken into consideration during the land 
allocation decision-making process, including: the wildlife that naturally inhabits each 
BEC zone, the suitable tree species and their productivity indices, the natural land
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use suitability or restrictions, and the recreational activities currently conducted 
various segments of the landscape, among others.
3. RESOURCE VALUES EXPECTED FROM FORESTS IN 
THE STUDY AREA
3.1. Introduction
There is a wide range of resource values associated with forested 
environments in the study area. Most of these forest values compete for use of the 
same land base. Some of them have a greater economic contribution to society 
(such as timber harvesting, oil and gas development, agriculture, tourism and 
recreation), while others make a smaller economic contribution1 (for example, 
wilderness, wildlife habitat and carbon storage). Despite this difference, all forest 
values are important for the health and integrity of the environment and for the 
maintenance of the local quality of life and consequently should be considered in 
any land use planning attempt.
In this chapter an inventory of the key groups of resource values associated 
with forests in the study area is performed. The attempt is to cover the majority of 
quantifiable forest values, including classic and non-classic ones, such as timber 
and carbon storage, respectively. This inventory searched, in the consulted sources 
of information, for the main attributes that directly impact each group of forest 
values. Even though this collection of information may not be as extensive as some
1 Economic here refers to activities that maintain a large number of jobs and revenue on a business 
as usual basis.
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specialists may like, I tried to represent the main features that underlie what must be 
considered for each group of resource values during a land use planning exercise. 
These assumptions are discussed separately by group of values, emphasizing 
regional peculiarities.
3.2. Methodology
As a starting point, the definition and characterization of the main 
assumptions for each group of resource values is carried out. This characterization 
is based on the critical assumptions that define a group of resource values. One 
example may be the union of essential variables that define good habitat for wildlife 
species. The objective of this stage is to provide enough information to set the areas 
with the most suitable attributes for each resource value. Even though specialists 
may find that important characteristics are missing for the values discussed, the goal 
is to work with the most important landscape-level considerations that define each 
resource value. The purpose is to use a minimum number of considerations that 
would express basic changes when scenarios are compared and not define a new 
land use plan.
After an extensive literature search for what is desired by stakeholders from 
the forest land base in the study area, a wide range of resource values was 
identified. This list of these values was organized with related ones grouped. Thus, 
the approach undertaken in this work assumes that the following eight classes 
encompass most of the resource values in the forest land base:
• Timber production;
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• Mining, oil and gas development;
• Agriculture;
• Tourism and recreation;
• Wildlife habitat;
• Old-growth forests;
• Carbon storage;
• Wilderness.
To form these groups of values, several variables are combined. These 
variables are described, weighted (to input each one’s relative importance) and 
combined, resulting in a suitability map for that characteristic. To perform the 
combination of assumptions in a spatially explicit manner, following the created 
weighted scheme, geographic information system (GIS) based data are required. 
Thus, GIS information was obtained from different sources (see Appendix I for 
details) and relevant variables were extracted according to data requirements for 
each specific resource value group.
With this information sorted, data are imported to the IDRISI® Taiga2 software
-  a GIS raster based platform. This software was selected because it has built-in
tools that were developed for land use planning decisions. Using the multi-criteria
evaluation (MCE) module, several factors are standardized to a common numeric
range and combined by means of a weighted average (Eastman 2009). The result of
2 The IDRISl® Taiga is an integrated GIS and Image Processing software created and distributed by 
Clark Labs, Clark University, Worcester, Massachusetts, <http://www.clarklabs.ora>
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this process is an individual output map that shows the degree of suitability of each 
pixel for the considered value. Eastman (2009) describes an application of such a 
tool to help land use decisions associated with carpet industry expansion in Nepal.
The suitability maps compiled using the MCE tool present values within a 
byte range (0 to 255). This type of data is commonly used in GIS because it does 
not require much hard disk space for storage and it provides an adequate range to 
describe most qualitative map data sets and remotely-sensed data. As a result, each 
suitability map displays the results in a byte scale, where best suited pixels present 
values close to 255 and worst suited places are close to zero.
As a comment, the entire analysis on IDRISI® Taiga took the digital elevation 
model (DEM) references as a base. The pixel sizes were rescaled to 200 x 200m. It 
is expected that, for a landscape level analysis, this pixel size (four hectares each) 
can give quite detailed information for a land base spanning about 3.4 million 
hectares.
3.2.1. Timber production
Timber harvesting or logging is the economic activity that has the most 
expressive effect on this land base, in terms of amount of land required, revenue 
and job generation. It basically consists of the removal of tree boles from a particular 
stand using specific techniques -  in the interior BC, the absolute majority of the 
timber resource is softwood (Forest Innovation Investments 2008). Among all 
harvesting methods applied in BC, the clearcut system is the one most utilized 
(Global Forest Watch 2000, BC Market Outreach Network 2004, WRCEA 2010).
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The main justification for this choice rests on efficiency and work safety. In this 
system, workers harvest the timber of species that have commercial value, typically 
leaving some snags and clumps of green trees for residual structure and coarse 
woody debris. Non-commercial species and small trees are usually harvested or 
destroyed during logging operations, but are not usually transported for processing. 
After the logging operation is complete, forest companies generally replant the area 
with lodgepole pine, hybrid spruce and occasionally Douglas-fir. Broadleaf species 
generally are not planted and come after logging as natural regeneration (Market 
Outreach Network 2004). The other harvest methods applied in BC consist of seed 
tree, variable retention, patch cut, shelterwood and selection cutting systems. These 
techniques are used in specific situations, such as protecting visually sensitive areas 
and sensitive soils (WRCEA 2010).
An important characteristic of logging is that most of this activity occurs in 
primary and old-growth forests (Global Forest Watch 2000). These natural habitats 
are essential to the long-term survival and sustainability of biological diversity and 
are critical in helping to maintain the healthy, natural functions of ecosystems (Lee et 
al. 2006). The problem is that logging systems tend to transform most of the 
landscape into a more uniform and younger working forest. Depending on where 
logging takes place, this transformation can also aggravate landscape 
fragmentation. Furthermore, to access timber harvesting sites, roads need to be built 
if not in place already. The more developed the road network is, the greater the 
impact is on wildlife habitat, forest fragmentation and land management options that 
stem from improved access.
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Considering the information previously described, the objective of this zone is 
to identify the best sites for timber production with the primary objective of promoting 
superior growth of commercially harvested tree species. This selection is based on 
the combination of the attributes described in the sub-sections below.
a) Site productivity
The variable called site index (SI) is used to represent the potential 
productivity for each site. By definition, SI is the potential height growth on a site for 
a given tree species over a fixed time period (BC Ministry of Forests 1997). In BC 
the standard time period is 50 years. Thus, this variable is used as a comparative 
measure among stands to indicate the relative wood growing potential of different 
sites.
Even though the estimates for site indices can be made to a very refined 
scale, this work considers BEC zone variant as the maximum level of specificity, due 
to its exploratory landscape level nature. As a remark, any level of detail or source 
for SI could be used in this case. One example of the procedure applied on each 
BEC zone variant is shown in Table 3.1. The methodology consists of averaging the 
SI of the two most productive conifer species in the three most productive site series 
within each BEC zone variant.
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Table 3.1 -  Example of the procedure to cluster SI. Site series 1 corresponds to 
zonal moisture regime; 2, 3, and 4 are drier sites; 5 and greater are moist to 
wet sites. The site series utilized to denote BEC variant productivity in this 
example are 01, 05 and 06.
BEC zone: ESSFmml
Site series Name Subaipinefir
Lodgepole
pine
Engelmann
spruce
01 Bl-Azalea-Gooseberry 15 18 15
02 Bl-Huckleberry-Feathermoss 6 9 9
03 BIPI-Cladina 12 12 12
04 Bl-Azalea-Rhododendrum 12 15 12
05 Bi-Oak fem-Bramble 15 15 15
06 Bl-Devil’s dub-Lady fern 15 18 18
07 Bl-Labrador tea-Horsetail 12 12 12
Data extracted from BC Ministry of Forests (1997).
For the example portrayed in Table 3.1, lodgepole pine and Engelmann 
spruce were the chosen species, and site series 01, 05 and 06 were the selected 
site series. This combination resulted in a mean SI of 16.5 meters at 50 years for the 
ESSFmml BEC zone variant. This was the procedure employed to compile the 
values used in the BEC zone layer (BEC zones at the variant level). This layer was 
imported to IDRISI® Taiga and the range of site indices was stretched to byte range, 
where the highest SI received a score of 255 and the lowest a score of zero.
The described procedure was employed to capture the location of more 
productive sites at the landscape level. When planning of this nature is considered 
for implementation, refinements need to be made to use site series information in a 
stand level approach. Another possible refinement (not applied in this work) could be 
to set a minimum SI threshold -  all polygons with SI inferior to the pre-set threshold
47
should receive the lowest score in the suitability map for timber management. This 
methodological choice would avoid the indication of a not highly productive polygon 
for timber production just because it fulfils other desired attributes.
b) Distance to closest road
This variable considers the linear distance from each pixel to the closest pre­
existing road, reflecting the minimization of costs related to building new access 
roads for harvesting and silvicultural treatments, which would otherwise result in 
further landscape fragmentation. Therefore, just the pre-existing road network is 
considered for this analysis.
The forest roads and the major roads layers were imported to IDRISI® Taiga 
and the distance operator was used on each layer. The existence of two road layers 
in this item is because two different sources of GIS data were used (technical details 
about each layer can be found in Appendix I). After the computational calculation, 
the layers were overlaid and the minimum pixel value was retained. The range of 
obtained Euclidean distances was stretched to byte range (0 to 255). Because short 
distances were preferred, the 255 score represents the best scenario (adjacent to a 
road) and 0 indicates distances equal to or greater than 10 km.
c) Distance to closest processing centre
These timber producing areas are intended to be used for industrial 
processes. Therefore, the proximity of the stand to the closest processing centre 
should be considered. The processing centres here are considered as currently
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installed or prospective processing capacity. Due to the high economic contribution 
that the forest sector has on small communities and the strategic character of this 
work, all urban centers in the study area are considered as processing centres (city 
of Prince George and communities of Hixon, Bear Lake, McLeod Lake, Willow River 
and Dome Creek). If mills currently in place are taken as a reference instead of 
urban centers, in the case of a mill closure, the entire analysis needs to be 
reassessed. Taking as a reference all urban centers, the results from this simulation 
may be more resilient. For the purpose of this exercise, more populated centres 
were weighted proportionally more heavily than small rural centres, to reflect 
currently installed processing potential -  2/3 weight for proximity to the Prince 
George City and 1/3 for all other small centres.
The lands classified as urban in the baseline thematic mapping layer were 
separated to: city and surroundings, and other urban areas. The first category 
included urban features in an approximately 20 km radius from the intersection of 
Highways 16 and 97. The other areas were classified as other urban centres. Both 
newly created layers were imported to IDRISI® Taiga and the distance operator was 
used. In this case, the Euclidian distance was calculated, not representing real road 
distances (or driving distances). The results were stretched to byte range where the 
closest possible distance received a value of 255 and the furthest zero. The 
Euclidian distance was chosen for this analysis due to its fast processing time and 
also because of the reasonable proximity to driving distances. With the data publicly 
available, the use of real road distances (using road network analysis) would require 
much more processing time due to its incompleteness.
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d) Slope
In addition to being more productive, flat stands or stands with shallow slopes 
are less costly to operate and safer to work. For operational purposes WorkSafe BC 
(2010) sets a maximum operable slope of 50% for harvesting using ground-based 
equipment. This is the slope limit adopted in this exercise, working as another 
criterion to choose preferable areas for timber management.
With the DEM layer (see Appendix I for details), the slopes were calculated 
and classified. This classification stretched the calculated slopes to a byte range (0 
to 255), where slopes over 50% received score zero and those less than 10% got a 
score of 255. For all slopes ranging from 10 to 50% the distribution of scores went 
from 255 to 0, respectively.
e) Constraints
The constraint under this scenario was the exclusion of two types of areas 
from the modeling exercise: the city of Prince George and the areas currently under 
the tree farm licence (TFL) tenure. These areas (City, TFL 30 and TFL 53) were not 
included in the definition of the timber management suitability map because: (i) 
lands within the City boundaries have specific overarching goals; and (ii) the data 
available for the TFLs do not have the same attributes of the other lands in the study 
region, making chosen comparison methods impossible to perform.
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f) Criteria combination for timber production -  suitability map generation
As previously explained, after choosing the most significant variables that 
define a forest value, a combination procedure must be performed to reflect the 
individual importance of each variable towards the definition of a suitability map. 
Thus, each of the considered criteria received a weight to be combined in the MCE 
module of IDRISI® Taiga software (Table 3.2). Again, this relative importance is not 
based on a pre-defined formula, but based on the significance that each component 
has to meet a strategic goal. For this zoning exercise, a neutral scenario was the 
goal (a scenario where variables are weighted as evenly as possible, based on its 
relative importance to build the suitability map). The result of this process is a 
suitability map for the study area (Figure 3.1) allocating the best areas for timber 
production.
Table 3 .2 -  Attributes and weights used to create the distribution of best areas for 
timber production in the study area.
Variables Partialweight
Combined
weight
Site productivity1 0.30 0.30
Distance to closest road Highways and major roads2 (50%) 0.15
Forest roads3 (50%) 0.15 0.30
Distance to closest urban area4 (current or Small centres 0.10
potential processing centres) Large centre 0.20 0.30
Slopes5 under 50% 0.10 0.10
Total 1.00
The variables were obtained from:1 Biogeoclimatic ecosystem classification;2National road network; 
3Forest tenure roads;4Baseline thematic mapping;5Digital elevation model.
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Figure 3.1 -  Distribution of best potential areas for timber production in the study 
area. The closer to the 255 score (darker tones), the better suited land is to timber 
production.
As expected, the best areas eligible for timber production are found in the 
most productive parts of the landscape (lower plateau) that are close to roads. Since 
the road system is well developed in a great part of the study area, summed with 
high productivity at lower elevations, a large part of the landscape is highly suitable 
for timber production. The elevated number of pixels with values close to 255 is 
another way of visualizing this abundance or suitability for timber harvesting ignoring 
other potential land uses.
If previous investments in plantations and silviculture are to be considered, a 
new variable should be included to create this suitability map. To perform this
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inclusion, a new layer should score polygons in terms of previous investments 
towards timber management and include it in Table 3.2.
3.2.2. Mining, oil and gas development
The allowance for mining, oil and gas development in BC is based on a two- 
zone system: one zone where these types of activities are permitted and another 
zone where they are not permitted. This system allows applications of this nature 
anywhere but in parks, ecological reserves, protected heritage properties or in areas 
where these activities have been prohibited by an order under the Environment and 
Land Act (BC MEMPR and BC ME 2008). Thus, for the purpose of this work, areas 
suited to mining, oil and gas development are all the lands except parks, ecological 
reserves, protected areas, OGMAs, ungulate winter range and mineral reserve sites 
(BC MEMPR 2010).
Although mining activity is permitted in non protected areas, places with some 
type of mining potential are emphasized. For the study area, the prospective 
inventoried reserves (coalfields with coalbed methane potential) were more heavily 
weighted. Thus, the layers for mineral reserve sites, parks, ecological reserves and 
protected areas, legally designated old growth management reserves and ungulate 
winter range were imported to IDRISI® Taiga software and merged. The resultant 
layer was overlaid with the land base and pixels that fell in any of the protected 
locations were classified as protected, receiving a value zero. The area with coalbed 
methane potential (that represents less than 1% of the total study area) received a 
255 value. For the remaining area, where mining activities are allowed but there is
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no inventoried potential, a 200 value was attributed. The result of this combination 
(Figure 3.2) displays the potential for mining-related activities, acknowledging that 
they are subjected to resource availability and eventual specific legislative 
considerations.
Figure 3 .2 -  Distribution of potential areas for mining, oil and gas development in the 
study area. The closer to the 255 score (darker tones), the better suited land is to 
mining, oil and gas development.
3.2.3. Agriculture
Most of the land in boreal and sub-boreal environments is naturally unsuited 
to agriculture (Global Forest Watch 2000). Furthermore, the large loss of prime 
agricultural land forced the creation of Agricultural Land Reserves (ALR) in the 
1970’s by the provincial government. This category of land use, regulated by the 
Agricultural Land Commission, includes private and public lands that may be
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farmed, grazed, forested or vacant (BC Ministry of Environment 2007). The priority 
in these lands is the development of farmlands and ranches -  other activities are 
subject to restrictions. Also, in the ALR, the production of food for human and 
livestock consumption is prioritized, but growing plants for fibre, fuels (including 
wood), plant nursery stock and pharmaceuticals is also allowed (BC Ministry of 
Environment 2007, BC Agricultural Land Reserve Commission 2010). Although 
there is a current distribution for the ALR lands, their location is not static: inclusions 
or exclusions are possible, based on agricultural capability, suitability, current land 
use, the surrounding lands, related agricultural concerns, community planning 
objectives and provincial interests (BC Ministry of Environment 2007).
Other important sources of information related to potential for agriculture are 
the plant hardiness map (McKenney et al. 2001) and the land capability for 
agriculture (Kenk 1983). The plant hardiness map brings information of where 
different plant species (trees, shrubs and herbs) are most likely to survive, based on 
average climatic conditions. The land capability maps, however, shows the potential 
for agricultural production based on soil surveys. The inconvenience of this data is 
that surveys were performed only for part of the study area.
The amalgamation of the above information was carried out using the MCE 
module of IDRISI® Taiga software. For this combination the weights were divided as 
30% to the ALRs, 40% to plant hardiness information and 30% for the land capability 
(due to its restricted coverage). The result is a map displaying the areas more 
suitable for agriculture within the study area (Figure 3.3). The allocation of these 
areas ended up located in the valleys of large rivers and around the city of Prince
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George. This is the result of a less severe microclimate, enabling better plant 
growth. Furthermore, this distribution matches the historic pattern of settlement and 
agriculture.
Figure 3 .3 -  Distribution o f preferential areas for agriculture in the study area. The 
closer to the 255 score (darker tones), the better suited land is to agriculture.
3.2.4. Tourism and recreation
By definition, recreational activities are those that people do for pleasure or 
amusement, and tourism is the business of providing services to tourists. As a result 
of the relationship between these two terms, I integrated them into one group of 
values.
In general terms, recreation in the study area can be divided in two seasonal 
categories: summer and winter. Winter recreation includes alpine and cross-country
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skiing, snowshoeing, ice fishing and snowmobiling. Summer recreation, conversely, 
includes camping, guide outfitting, wildlife viewing, horse-back riding, mountain 
biking, hiking, fishing, hunting, canoeing and sightseeing/touring. Some of these 
activities are performed in provincial parks but, in general, the entire forest land base 
is the stage for most of these activities (BC MFR 2001, Tourism BC 2005).
To compile a suitability map for recreational activities for the District, a 
composite of pre-existing information was prepared. This compilation used GIS 
based information and the following scores (out of 10):
• Parks and protected areas: score 10 if within these areas and score 0 if 
outside;
• Active recreational sites: score 10 if within these areas and score 0 if outside;
• Recreational scenic areas: score 6 if within these areas and score 0 if 
outside;
• Significance for recreation3: score 10 for category “very high”, score 8 for 
category “high”, score 5 for category “medium” and score zero for “low” and 
“unclassified” lands;
• Land capability for recreation4: the suitability criteria pre-defined by the 
government was stretched between 10 (best suited places) and zero.
With the individual scores attributed to each layer, an overlay procedure 
extracted the maximum score for each pixel. This procedure was adopted to avoid
3 Extracted from the recreational features inventory layer (see Appendix I for details).
4 Obtained from the land capability for recreation layer (see Appendix I for details).
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overweighting in areas where different classifications overlay. Thus, the maximum 
score represents how suitable that specific piece of land is for recreation, permitting 
the composition of the suitability map for recreation presented in Figure 3.4. As a 
final procedure, the resultant scores were stretched to byte range.
Figure 3 .4 -  Distribution o f best potential areas for recreation in the study area. The 
closer to the 255 score (darker tones), the better suited land is to recreation.
3.2.5. Wildlife habitat
The study area is inhabited by a variety of wildlife species, including large and
small mammals, amphibians, birds and insects. Each of these animal categories has
specific niches and habitat requirements. Thus, a full characterization of the wildlife
component associated with these environments would be a difficult task. Intended to
simplify this process, the idea is to use the concept of umbrella species: take a few
species to represent the range of environmental conditions required by most of the
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wildlife component (Simberloff 1998). This strategy, designed to be applied in the 
ecosystem level or higher, requires a selection of species that require large areas 
and whose habitat requirements are somehow specific.
Due to the landscape-level nature of this work, I assumed that the 
environmental requirements for a few large mammals would theoretically represent 
important environment features for several other animals. Thus, three groups of 
large mammals were chosen5 as umbrella species: mountain caribou, bear and 
moose. These mammals were chosen because they require large areas to sustain 
viable populations, encompassing the ranges and habitats of many other species 
(Simberloff 1998). Furthermore, the characteristics that define the best habitat for 
these three mammal groups do not overlap excessively. The best habitat 
characterization for each of these groups is done separately, followed by the 
description of the amalgamation process, resulting in the suitability map for wildlife in 
general.
a) Mountain Caribou
During the definition of core habitat areas for wildlife, Craighead and Cross 
(2004) investigated and described many habitat parameters for mountain caribou for 
part of the study area. They found a negative correlation between habitat quality and 
road density -  regions distant from roads imply better habitat for mountain caribou. 
They also point out that the most suitable elevation range for these animals is 
between 1500 and 2500 m, in which they mostly inhabit slopes from 10 to 60%. In
5 Animals that are ecosystem generalists, such as wolf, were not chosen as umbrella species.
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terms of vegetation, their surveys show these animals spend 50% of their time in 
forests with old-growth attributes, 26% in young forests and 13% in the alpine 
environment. Furthermore, according to Hins et al. (2009), these animals avoid 
recently disturbed areas because of the predation risk and tend to have fidelity to 
their home range.
Taking the main behavioural and environmental attributes that define good 
habitat for caribou in the region, a table was constructed (Table 3.3) weighting the 
relative importance of each variable. As the availability of proper food is very 
important for the well being of wildlife species, vegetation characteristics were 
weighted heavier. Other habitat characteristics received lesser weights. These 
weights were established to provide a more proper representation of the ideal 
habitat condition.
Table 3 .3 -  Attributes and weights used to create the core habitat distribution for 
Mountain caribou in the study area.
Variables Partialweight
Combined
weight
Distance to closest road Highways and major roads1 (60%) 0.14
Forest roads2 (40%) 0.09 0.23
Elevation3 between 1500 and 2500m 0.10 0.10
Vegetation4 Old forests (50%) 0.13
Young forests (26%) 0.07
Alpine (13%) 0.04 0.24
Fidelity to home range5 0.10 0.10
Avoidance of recently disturbed areas4 (logging and burned areas) 0.23 0.23
Preference for slopes3 between 10 and 60% 0.10 0.10
Total 1.00
The variables were obtained from:1 National road network;2Forest tenure roads;3Digital elevation 
model;4Baseline thematic mapping; sCaribou herd locations.
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For the distance to closest road, the road layers were imported to IDRISI® 
Taiga and the distance operator was used on each layer. Due to the greater impact 
that major roads have in wildlife habitat, different weights were attributed to each 
type of road. After the computational calculation, the range of Euclidean distances 
was stretched to byte range (0 to 255). Because long distances away from roads are 
preferred by caribou and other species with similar habitat needs, the 255 score 
represents the greatest distance inside the study area from a road and 0 represents 
the worst scenario (adjacent to roads).
The digital elevation model (DEM) was used as a base layer for elevation, 
where elevations between 1500 and 2500m were selected using a fuzzy function. In 
this specific case a sigmoidal symmetric function was selected, and the inflection 
points defined as represented in Figure 3.5a. The range of resulting scores was 
stretched to byte range (0 to 255).
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Figure 3 .5 -  Representation of the fuzzy function and respective inflection points for 
elevation and slopes for mountain caribou.
The same DEM image was used to obtain slopes. Slopes between 10 and 
60% were selected using a sigmoidal symmetric fuzzy function, with the inflection
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points defined as represented in Figure 3.5b. The range of resulting scores was also 
stretched to byte range (0 to 255).
For vegetation, the lands classified in the baseline thematic mapping layer as 
alpine, old and young forests were extracted and input individually in IDRISI® Taiga. 
Each vegetation type received a weight (13%, 50% and 26%, respectively to follow 
the findings in Craighead and Cross (2004)) and the combination was performed. 
The result was stretched to byte range, creating the vegetation layer for mountain 
caribou.
The caribou fidelity to home range was extracted from the herd locations 
within the study area (see Appendix I for details). Pixels that fell inside the caribou 
home range received the 255 score, while all other pixels got zero.
Since mountain caribou avoid recently disturbed areas, lands classified in the 
baseline thematic mapping layer as logged or recently burned were extracted. Pixels 
that were coincident with any of these areas received a score zero, while the 
remnants got a score 255.
To combine the above attributes the Multi-Criteria Evaluation (MCE) module 
from IDRISI® Taiga software was used. This process utilizes a weighted linear 
combination, following the weights described in Table 3.3, to generate the core 
habitat distribution for mountain caribou in the study area (Figure 3.6).
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Figure 3 .6 -  Core habitat areas for mountain caribou in the study area. The closer to 
the 255 score (darker tones), the better suited that habitat is for mountain caribou.
b) Bears
A general analysis for grizzly bear core habitat requirements shows that for 
the study area they are found in all BEC zones, prefer road density close to zero and 
slopes less than 60 degrees (Craighead and Cross 2004). The segregation of 
habitats by grizzly bear population, however, shows specific attributes for mountain 
bears and for plateau bears in the study area. According to Ciarnello (2002) 
mountain bears select for non-forested land-cover types and young age-related 
classes (including burns), but they are also found in alpine and subalpine parkland 
environments. Furthermore, even though their dens are primarily located in the 
alpine zone, they prefer elevations below 1900m and avoid the road network.
Plateau bears, conversely, have Douglas-fir and spruce mixes as preferential land-
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cover types, also inhabiting non-forested lands. They select for young age-related 
classes (including swamps and shrub lands) more than for mature and old-growth 
forests. Their dens, however, are primarily located in forests older than 100 years.
Black bears, in contrast, are more versatile in terms of habitat requirements. 
Forests, wetlands, subalpine meadows, avalanche chutes, riparian habitats, and 
beaches are the main environments where they find good habitat conditions (BC 
MELP 2001). Not just black bears, but also grizzly bears have the ICH zone as an 
important habitat for attending their feeding needs and place for hibernation (BC 
MFR 2001).
Based on the described information, the attributes for black bear and for 
grizzly bear habitats were combined and weighted as described on Table 3.4. The 
attributes from black bears and for grizzly bears were combined due to the number 
of similarities between both habitat requirements. As performed for the Mountain 
caribou habitat, characteristics related to food availability (vegetation related) 
received heavier weights.
The procedure to calculate distance to the closest road was the same of 
described for mountain caribou. For elevation, however, values under 1950m were 
extracted from the DEM using a sigmoidal monotonically decreasing fuzzy function 
(Figure 3.7a). The range of result values was stretched to byte range (0 to 255), 
where elevations over 1950m received a score zero and those under 1900m got a 
score 255.
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Table 3 .4 -  Attributes and weights used to create the core habitat distribution for 
bears in the study area.
Variables Partialweight
Combined
weight
BEC zones1 Alpine 0.05
ESSF 0.10
ICH 0.15
SBPS 0.10
SBS 0.10 0.50
Cover types2 -  prefer Burned 0.04
young age classes and Shrubs 0.04
non-forested cover types Wetlands 0.04
Avalanche chutes 0.04
Young forests 0.04 0.20
Distance to closest road Highways and major roads3 (60%) 0.06
Forest roads4 (40%) 0.04 0.10
Elevations5 under 1900m 0.10 0.10
Preference for slopes* under 60° 0.10 0.10
Total 1.00
The variables were obtained from:1 Biogeoclimatic ecosystem classification;2Baseline thematic 
mapping;3National road network; 4Forest tenure roads; sDigital elevation model.
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Figure 3.7 -  Representation of the fuzzy function and respective inflection points for 
elevation and slopes for bears.
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For the slopes, values under 60° were selected using a sigmoidal 
monotonically decreasing fuzzy function (Figure 3.7b). The range of result values 
was stretched to byte range (0 to 255), where slopes over 60° received a score zero 
and all slopes under 55° were assigned a score 255.
The target cover types were extracted from the baseline thematic mapping. 
Areas classified as recently burned, shrubs, wetlands, subalpine avalanche chutes, 
and young forests were selected to create a map layer with preferred cover types for 
bears. In this approach, all cover types received the same weight. Thus, pixels 
within selected regions received the 255 score while the non-selected portion of the 
region got the score zero.
Regarding the importance of BEC zones, different weights were attributed to 
each zone based on its relative importance to bear habitat. As portrayed in Table 
3.4, zones such as ICH are more important for bears than alpine. Hence, the 
resulting scores were stretched to byte range, with 255 representing the best zone 
condition.
To combine the above attributes the Multi-Criteria Evaluation (MCE) module 
from IDRISI® Taiga software was used. This process utilizes a weighted linear 
combination, following the weights described in Table 3.4, to generate the core 
habitat distribution for bears in the study area (Figure 3.8).
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Figure 3 .8 -  Core habitat areas for bears in the study area. The closer to the 255 
score (darker tones), the better suited that habitat is for bears.
c) Moose
As thoroughly described by Rea and Child (2007), moose are animals found 
in a variety of habitats in British Columbia, including mixed forests, floodplains, 
wetlands, stream valley bottoms, alpine meadows and subalpine shrub 
communities. This habitat selection is the result of a combination of three groups of 
factors: presence and availability of food and cover; seasonal requirements; and 
avoidance of predators, human activity, pathogens and snow cover.
Breaking these requirements down to more detailed landscape-level habitat 
characteristics, moose inhabit high-elevation shrub communities, riparian areas 
along watercourses, and early serai shrub communities interspersed with islands of 
mature forests. These early serai sites are usually covered by willow (Salix spp.),
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trembling aspen (Populus tremuloides), poplar (Populus spp.), alder (Alnus spp.) 
and other broadleaf browses (Rea and Child 2007).
Moose inhabit southerly slopes of mountainous regions, where birch (Betula 
spp.), willow and aspen (Populus spp.) are present (Rea and Child 2007). They also 
prefer wet BEC zone variants to dry ones -  with a concordant increase of about 20% 
in abundance (Walker et al. 2006). Regarding seasonal requirements, in spring and 
summer, moose can move upslope to the alpine meadows or remain in the valley 
bottoms. When on mountain plateaus, they frequent lakeshores, swamps, and 
beaver ponds. In autumn, they tend to return to valley bottoms. In winter, they 
search for dense forest stands along rivers and around wetlands and disturbed 
areas to get food, shelter and escape from predators. Furthermore, site conditions 
where snow packs are reduced (low to mid-elevation with gentle slope) are also 
preferred (Rea and Child 2007). Based on the described information, the attributes 
for moose habitat were combined and weighted as described on Table 3.5.
Table 3 .5 -  Attributes and weights used to create the core habitat distribution for 
moose in the study area.
Variables Combinedweight
Gradient from dry to wet subzones1 0.10
Combination of southern aspects and gentle slopes 2 0.25
Distance to closest road Highways and major roads3 (60%) 0.12
Forest roads4 (40%) 0.08
Combination of water related features and dense forests 5 0.25
Stands where birch, willow, aspen, poplar and alder were the first or second 
species in abundance 5 0.20
Total 1.00
The variables were obtained from: 1P E M ;2DEM; 3National road network; 4Forest tenure roads; SVRI
layer.
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To obtain the gradient of subzones, the Predictive Ecosystem Mapping (PEM) 
layer of site series was used as a base. The alpine BEC zone was removed and all 
other zones were classified. Very dry subzones were scored zero, dry subzones 5, 
moist 10, wet 15 and very wet 20. The results were stretched to byte range.
The aspects and slopes were extracted from the DEM layer. To prioritize 
southern aspects, a classification was performed following the thresholds displayed 
in Figure 3.9(a). Regarding slopes, a fuzzy function reclassified the natural range of 
values to attribute highest scores to gentle slopes (Figure 3.9b). The resulting layers 
were averaged to combine both attributes.
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Figure 3 .9 -  Scores used to reclassify aspects (a) and representation o f the fuzzy 
function and respective inflection points for slopes (b).
To calculate distance to closest road, the same procedure described for 
bears and mountain caribou was used. The combination of water-related features 
was completed using four different layers: streams order 2 and above (to exclude 
very small tributaries), rivers, lakes and wetlands. On all these layers a buffer of 50 
metres was placed on each side or around features. After being buffered, these 
layers were combined. For dense forests, all treed stands classified in the VRI data 
as dense were extracted. The selection received a buffer of 50 metres around
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stands. As moose typically live on the edge of dense forests and lakes, rivers and 
wetlands, an average of both newly created layers was performed. Thus, the 
intersection of water features and dense forests received the highest score.
Regarding stand species composition, a selection in the VRI data was 
performed to obtain polygons where birch, willow, aspen, poplar or alder were the 
first or second species in abundance. Selected features were imported to IDRISI 
and pixels in these areas received a value of 255 and outside these areas received 
a value of zero.
To combine the above attributes the Multi-Criteria Evaluation (MCE) module 
from IDRISI® Taiga software was used. This process utilizes a weighted linear 
combination, following the weights described in Table 3.5, to generate the core 
habitat distribution for moose in the study area (Figure 3.10).
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Figure 3 .1 0 - Core habitat areas for moose in the study area. The closer to the 255 
score (darker tones), the better suited that habitat is for moose.
cO Overall wildlife habitat
To define the location of good wildlife habitat for the study area, the 
combination of individual core habitat areas for the chosen umbrella species was 
performed. The assumption made here was that because of the differences in 
habitat requirements among the chosen umbrella species, the importance of each 
species was considered the same. Thus, the weights were distributed evenly for the 
three species during the allocation process (1/3 weight for each). The combination 
was performed through the use of the Multi-Criteria Evaluation (MCE) module on the 
IDRISI® Taiga software. The result of this combination, shown on Figure 3.11, 
depicts the core wildlife habitats in the study area. This map encompasses a variety 
of specific and general habitat characteristics, theoretically representing a good 
habitat for several wildlife species.
Figure 3.11 -  Core habitat areas for wildlife in the study area (based on core habitat 
for three local umbrella species: mountain caribou, bear and moose).
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3.2.6. Old-growth forests
Some forests within the study area are classified as old growth or “antique”. 
These forests have relatively infrequent disturbances, resulting in an unparalleled 
biological and structural diversity (Campbell and Fredeen 2004). By definition, 
biological diversity, or biodiversity, includes all living organisms and the habitat in 
which they live. Biodiversity is not static, including the potential changes that 
organisms undergo to adapt themselves to new environmental conditions (Fraser 
Basin Council 2009). Structural diversity, on the other hand, refers to the presence 
of large trees, with distinctively large crowns in the upper canopy, spatially arranged 
in patches, and organized in greater vertical complexity compared to younger age 
classes (McCleary and Mowat 2002).
Despite the lack of a broadly accepted definition for old-growth forests, the 
following characteristics describe some forest traits associated with old growth (BC 
MSRM 2003, BC Ministry of Environment 2007):
• They have a more complex structure than young forests;
• They tend to have more standing dead trees, or snags, and more fallen trees 
than young forests;
• Trees are older and often larger than those found in young forests;
• The forest canopy is layered with openings that allow light to penetrate 
encouraging the growth of understory seedlings, shrubs, herbs and mosses;
• In the BC interior, where tree life span is shorter than on BC’s coast and 
wildfires are more common, a forest can be defined as old growth when older
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than 120 years if dominated by lodgepole pine or broadleaf species. If 
dominated by Engelmann spruce, white spruce or Douglas-fir, the age 
threshold is 140 years.
Thus, to include areas that currently fall under the old growth classification 
and areas where old-growth traits may be present, two different types of data were 
combined: a) distribution of old-growth forests identified by the government authority 
(which includes areas designated as legal and non-legal old growth); and b) forests 
older than 140 years (age class 8 or older).
To account for the difference between areas that have old-growth attributes 
and areas that potentially have these attributes, scores were established for each 
particular condition:
a) If areas were identified as old growth, from legal and non-legal classifications, 
they received a score 10 (out of 10);
b) If they were not classified as old growth but had a stand age between 140 
and 250 years (from VRI layer), the attributed score was eight (out of 10), as 
they may have old-growth traits;
c) If the age of the forest was older than 250 years (also from VRI layer; age 
class 9), the attributed score was 10 (out of 10). This difference is because 
forests over 250 years in this region can be considered true old growth (BC 
Ministry of Environment 2007).
Based on the particulars described above, the resulting layers were combined 
and imported to IDRISI® Taiga. For pixels that had more than one attributed score
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(resulting from different classifications), the highest score was used. As a final 
procedure, the range of scores was stretched to byte range. The result of this 
combination is depicted on Figure 3.12.
Figure 3 .1 2 - Distribution of old-growth areas (legal or potential) in the study area. 
The closer to the 255 score (darker tones), the greater the likelihood of a stand 
having old-growth traits.
3.2.7. Carbon storage
Forest ecosystems contain a large part of the carbon stored on land 
(Hyvonen et at. 2007). Although soil carbon stocks exceed the stocks in the 
aboveground biomass, trees play an essential role in transferring the carbon from 
the atmosphere to the soil (Hyvonen et al. 2007).
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Carbon storage in trees and carbon sequestration by trees should be 
analysed separately when assessing the contribution that forested ecosystems 
make to carbon budgets. For most forest types, carbon storage increases with forest 
age until it reaches a plateau (Bradford and Kastendick 2010). This is the basis for 
old forests having greater carbon stocks than young forests (Fredeen et al. 2005, 
Kranabetter 2009, Seedre and Chen 2010). Carbon sequestration rate, on the other 
hand, decreases sharply with forest age (Bradford and Kastendick 2010), even 
though these primary or very old forests are still functioning as a carbon sink from 
the atmosphere (Keith et al. 2009). Thus, the conversion of old-growth forests to 
managed ones brings a carbon cost. Normalized forests take a long time to 
sequester and store the same amount of carbon that is stored in old-growth forests 
(Keith et al. 2009).
As a refinement of the sequestration/storage dynamic, Kranabetter (2009) 
found that at the same age (in his study at 180 years old in the SBS BEC zone) 
more productive sites have greater total ecosystem carbon stored than do poor 
sites. In this case, more productive sites will have carbon stock levels reaching the 
maximum value sooner.
For this exercise it is considered that the best areas contributing to carbon 
storage are the result of the following combinations: a) areas that currently hold high 
stocks of carbon; and b) areas with high potential for carbon sequestration. To infer 
carbon stocks, the age of the stand was taken as the surrogate variable. This 
variable was obtained by stretching the range of stand ages to byte range (0 to 255).
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Since old stands are preferred, 0 represents right after disturbance (zero years) and 
255 represents stands aging 250 years and older.
For the areas with high potential for carbon sequestration, site productivity is 
the most important variable. Thus, site index and slope were combined (with 75% 
and 25% of the weight, respectively) to give more stand-specific values. Potential 
site indices were estimated based on BEC zone distribution, following the same 
procedure outlined for item 3.2.1a. For slopes, the range of values was stretched to 
byte range, with slopes over 70° (maximum slope of the land base) receiving a score 
zero and those under 10° receiving a score 255.
This combination of current carbon stocks and potential for carbon 
sequestration is intended to identify the places that can immediately contribute to the 
stocks of carbon but also account for fast carbon sequestration after disturbances 
(natural or human induced). Thus, a 60% weight was placed on the characteristics 
that define high carbon stocks and 40% weight on the potential for carbon 
sequestration. The resultant map of this combination is displayed in Figure 3.13.
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Figure 3 .1 3 - Distribution of areas with greater contribution to carbon storage in the 
study area. The closer to the 255 score (darker tones), the greater the likelihood 
of a stand having high contribution to carbon storage.
3.2.8. Wilderness
The term wilderness is defined in different ways, depending on the associated 
context. A more unified definition was compiled by the International Union for the 
Conservation of Nature (IUCN 2008), stating that:
“Wilderness areas are usually large unmodified or slightly modified, 
retaining their natural character and influence, without permanent or 
significant human habitation, which are protected and managed so as to 
preserve their natural condition. ”
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Completing this definition, the IUCN (2008) highlights that the primary 
objective of such areas is to protect long-term ecological integrity for future 
generations. Therefore, the distribution of areas within the study area that best 
represent wilderness was compiled based on the distance from major human 
features and disturbances. To include these variables, four GIS layers were used: 
major roads, forest roads, urban centres and naturally disturbed areas (non human- 
induced disturbances). For the three first layers, the IDRISI® Taiga distance operator 
was used, with result layers overlaid to extract the minimum value for each pixel.
The objective was to attribute a lower score to a pixel close to these features and 
higher scores to pixels distant from them. The location of naturally disturbed areas 
was obtained from the VRI layer. In this case, pixels placed on naturally disturbed 
areas received the 255 score. All other pixels received a score zero. The two 
calculated layers, one with distances and the other for naturally disturbed areas, 
were combined in equal weights (50% each). The result was stretched to byte range 
(Figure 3.14).
3.3. Conclusions
In a general analysis, there is a wide range of resource values expected from 
forests in the study area. Not all forest values are accounted for in this exercise, but 
an attempt was made to represent the majority of the key groups of resource values. 
Most of the represented resource values compete for the same land. Thus, the 
notion of how the land would be better managed may vary widely, depending on 
one’s point of view. For some stakeholders, a good forest management plan relies
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heavily on timber goals, while for others more emphasis on preservation creates a 
more resilient forest management plan.
Figure 3 .1 4 - Distribution of areas with greater value for wilderness in the study 
area. The closer to the 255 score (darker tones), the greater the stand value is for 
wilderness.
In the characterization of the key groups of values in the study area it was 
observed that:
• Even assuming that the most important landscape level features for each group of 
resource values were considered, there are many different ways of combining or 
weighing the importance of each feature. Even if just the weight of each variable 
is changed, when defining one specific group of forest values, it would trigger 
changes in the entire profile of pixel scores in the resulting suitability map. This is 
a challenge on its own, because it directly influences the stage where groups of
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forest values are combined to define the allocation of each zone. As previously 
mentioned, the weights and scores attributed above were not intended to 
represent the ideal mix of features that defines the most precise suitability maps 
for each resource value. They were defined to create a reasonable base for the 
subsequent comparison of zoning scenarios;
• The accuracy and availability of the data define how strong and representative the 
maps generated are. If well built, these maps can indicate the allocation of core 
areas for each group of values. All the information used here refers to the most 
up-to-date publicly available data collected during the course of this project;
• For the compilation of produced maps, the IDRISI® Taiga software was a good 
tool to combine information for spatially explicit land allocation tasks. The 
inconvenience of the software is its limitation in importing large shapefiles (greater 
than 20 thousand polygons). In such situations the shapefile must be divided and 
imported in parts, to maintain the same reference system, thereby, resulting in 
extra processing time. Another possible way to overcome this difficulty could be 
the transformation of shapefiles into raster based files before importing them to 
IDRISI® Taiga. If chosen, this alternative procedure must be applied to all 
shapefiles to create a perfect overlay of pixels among pixel-based layers;
• In the timber production resource value, although Euclidian distances were used 
instead of real road distances for the calculations, the maps produced display a 
good approximation of what can be considered a suitability map. It is estimated 
that the incremental gain in accuracy for this map would not compensate for the 
amount of extra processing time to prepare the road layer and calculate real road
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distances -  a few hours for Euclidian distance and several days for real road 
distance;
• It seems that a great part of the land is well suited for timber management, 
because: a) most of the study area falls into productive BEC zones; b) there is 
extensive road coverage in the plateau country, making this part of the landscape 
easily accessible;
• For recreation in the study area, the map generated represents all lands with 
potential for recreation (currently designated for this use or with potential for 
such). From the total area of the study area, over 1/5 (21.3%) is classified as 
having some potential for recreation;
• For wildlife habitat, it is assumed that the three chosen umbrella species 
represent the gradient of habitats necessary to sustain viable populations of 
several animal and plant species. Apparently, the combination of these three 
species resulted in a balanced representation of different habitats across the 
studied landscape. The evidence is that the entire landscape was selected, 
covering the variety of existing habitat conditions. Furthermore, over 72% of the 
pixels received suitability values greater than half of the suitability range;
• The distribution of old-growth forests represents the current allocation of places 
with high value for biodiversity. This representation, however, shows only the 
current state of the forests, not accounting the occurrence of natural disturbances 
or logging after the data became publicly available. Due to access restrictions, 
these forests are concentrated in the east and northeast portion of the study area;
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• There are several clusters of forest stands that give an elevated contribution to 
carbon storage in the study area. These areas are mainly associated with old- 
growth stands, but also include forests where the stands are aging and have a 
high potential for carbon sequestration;
• Based on the concept of wilderness, the highest concentration of areas without 
significant human interference are concentrated on the northeast part of the study 
area. These areas have been preserved mainly because access is difficult.
In general, the assemblage of the features that is believed to define each 
group of resource values varied, resulting in a particular compilation procedure for 
many maps. Some of them were compiled in a more traditional way, using few 
variables or features. Others combine several features to better represent specific 
requirements for specific resource values. The series of maps resulting from these 
compilations shows that a large part of the land base is suited to each group of 
resource values (when the values are analysed in isolation), represented by the land 
suitability gradient on each map (Figure 3.15). Furthermore, it is assumed that the 
assemblage of these key groups of resource values will give a balanced base for the 
creation and comparison of land use scenarios in the study area.
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Figure 3 .1 5 - Compilation of suitability maps created for the study area. The closer 
to the 255 score (darker tones), the greater the stand value is.
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4. NUMBER OF ZONING CATEGORIES
4.1. Introduction
As previously described, land use allocation is a method intended to minimize 
conflicts among land users through the prescription of areas for single or compatible 
joint uses on a specific land base. According to the zoning methodology the goal is 
to combine compatible values and segregate incompatible ones (such as mining and 
virtually all other forest values) in zones, also called land use categories or zoning 
categories (Harvey et al. 2003). Nevertheless, because the total number of land use 
categories is not fixed, the arrangement of the full set of resource values held by the 
forest land base may vary significantly depending on the zoning approach 
undertaken.
To evaluate and discuss how much influence the zoning method has for the 
final characteristics of land use allocation, this chapter sets three different zoning 
approaches for the Prince George Forest District. These approaches comprise a 
three, a four and a multi-category zoning for the same land base. Despite the 
specific reasoning for the creation of each approach (discussed later), the values are 
combined based on compatibility, where complementary values were joined. This 
method is based on the theory of the multi-product firm (Sahajananthan etal. 1998). 
This theory classifies the cost relationship among uses on forest management as: 
complementary (when one use helps the other use in some way), competitive (when
one use’s requirements are opposite to other use) or independent (when one use 
does not affect the other). The recommendation is to aggregate complementary or 
independent uses for best results (Sahajananthan et al. 1998, Harvey et al. 2003), 
The main difference among the proposed scenarios is the arrangement of the same 
set of resource values in a different number of zones. As a consequence of this 
arrangement, zoning approaches with a smaller number of zones require more value 
grouping, where multiple zones require less grouping. The approach that allocates 
all zones simultaneously is intended to avoid the prioritization of one zone over 
another. If there is a consensus that one specific zone should be allocated before 
the others (approach adopted in central Quebec -  Cot6 et al. 2010), this zone 
should be allocated first and after that the tested methodology could be applied.
With the resource values grouped according to the chosen zoning approach, 
the next step is to perform the allocation of the land use categories across the 
landscape. For this phase, the IDRISI® Taiga decision support tool called Multi- 
Objective Land Allocation (MOLA) is used, following specific weights and area 
requirements. This is a procedure for solving land allocation problems, in cases with 
conflicting objectives, through a compromised solution (Eastman 2009). As the pixel 
scores that constitute the maps are continuous (ranging from 0 to 255), the use of a 
weighted linear combination is the most appropriate choice. In this case, factors are 
combined by applying a weight to each map, resulting in a suitability map. In a 
simplified example of how the tool works (Figure 4.1), the software would search for 
x best hectares of land for the objective 1 and y  best hectares for the objective 2. 
This procedure is based on the pixel scores defined on the suitability maps from
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each group of resource values. The first search is for areas that constitute the best 
fit for each objective in non-conflict regions. When the exclusive regions are 
completely selected, the search lowers the decision line to meet the target area with 
regions within the conflict zone, based on a minimum distance to an ideal point. The 
ideal point represents the best possible case: a pixel that is maximally suited for one 
objective (based on the pixel score) and minimally suited for anything else. The 
search continues until the pre-set target areas are met. The result is a compromised 
solution where both objectives are met (Eastman 2009). As a remark, the MOLA 
module of the IDRISI® Taiga software does not account for adjacencies or any type 
of spatial clustering. In fact, all decisions are based on individual pixel scores.
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Figure 4.1: Simplified explanation on how the IDRISI® Taiga module MOLA works 
when finding compromised solutions in land allocation problems (Eastman 2009).
The final stage of the exercise is to compare the outcomes from the 
simulations in each approach. Each scenario is analysed in terms of distribution, 
fragmentation and stand attributes, followed by a comparison among tested
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choices
scenarios. The ultimate goal of this analysis is to compare the advantages and 
disadvantages of having a greater or smaller number of categories at the beginning 
of the land allocation process.
4.2. Setting the categories: zoning approaches
The conflicts among involved groups of stakeholders regarding which 
resource values should be prioritized during land use planning exercises are 
common. In these situations, whether timber, biodiversity or cultural values are 
emphasized, there is a necessity of balancing the resource values to move towards 
a common solution. Intending to facilitate this decision process, the zoning 
methodology can be utilized and the land base may be partitioned in two or more 
areas with different resource emphasis (Andison 2003), encompassing the 
multiplicity of forest values. The more heterogeneous the land base, the more 
suitable it is to specialized uses (Zang 2005).
Within the study area, there are several possible ways of combining the 
resource values held by forests into land use categories. The objective is to 
aggregate values in different manners to allocate them where they can be managed 
most efficiently and analyse the different outcomes from these scenarios. In this 
work, it was decided to zone the study area in three different ways (extended 
definition given later):
a) Three-zone approach (triad): this method creates the zones based on the 
segregation of the most opposing forest values: timber management and 
conservation from that of multiple-use;
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b) Four-zone approach: following this methodology, forest values are divided 
into four groups, based on the type of impact caused on the landscape -  timber 
management; intensive development; joint conservation and light 
management; and exclusive conservation;
c) Multiple-zone approach: in this approach, grouping the resource values is 
avoided, as each previously defined resource value is set as one land use 
category -  timber production; agriculture; tourism and recreation; wildlife 
habitat; old growth forests; carbon storage; and wilderness.
These zoning methods were chosen to compare the influence that different 
assemblages of the same resource values have for the characteristics of the land 
use zones. A more complete description follows, explaining the rationale of each 
approach, the characterization of categories, as well as the analysis of allocation 
and stand level characteristics.
As a final remark, in all performed zoning approaches, lands currently 
assigned as TFLs were not included in the zoning process. These areas were, 
however, placed in the final maps with the designation of “TFL timber zone” to depict 
where current TFLs are, facilitating connectivity inferences with the adjacent areas. 
This procedure was adopted for all final maps in chapters 4 and 5.
4.2.1 The three zone approach -  or triad zoning
The triad concept is a forest management strategy that sets forest reserves 
and intensively managed areas within a landscape mainly managed following the 
principle of ecological forestry (MacLean et at. 2009). The principle introduced by
Seymour and Hunter (1992) asserted that by increasing the timber yields per 
hectare in strategically chosen areas, more hectares of land could be devoted to 
other uses. Thus, the number of hectares for conservation could be expanded 
without compromising harvesting levels (Binkley 1997, Sahajananthan etal. 1998). 
Following this methodology, the full set of forest values would be achieved through 
the collective outcomes of all zones (MacLean et al. 2009).
The three zones in the triad approach are pre-established as conservation, 
timber management and ecosystem based management (Cot6 et al. 2010). 
According to this methodology, conservation areas are intended to maintain the 
ecological integrity of the forest, working as a network of reserves. The timber 
management zone is meant to have intensive timber production as a primary goal -  
because of the higher yields, it would offset part of the wood not available for 
harvesting allocated in conservation areas. The ecosystem-based management 
(EBM) zone would emulate natural disturbance regimes to benefit native species by 
providing conditions similar to those to which they are adapted. All processes that 
emulate natural disturbances can be applied in this zone, including logging. For this 
approach, agricultural use was joined to the EBM zone despite its management 
peculiarities (not emulating natural disturbances). The choice for the proper process 
will vary according to the specific region and stand-level characteristics. Details on 
how the pre-described forest values were clustered to fit the three categories are 
described below:
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a) Conservation
Several resource values were grouped to generate a suitability map of areas 
that could maintain the ecological integrity of the forest ecosystem in the study area. 
The parameters to group these values are specified in Table 4.1, showing the 
variables taken into consideration and the weights attributed to each resource value.
Table 4.1 -  Attributes and weights used to create the suitability map for the
conservation for the triad approach. For details on what is considered in each 
resource value refer to Chapter 3.
Resource values Weight
OW-growth forests 0.30
Wilderness 0.30
Carbon storage 0.20
Wildlife habitat 0.20
Total: 1.00
The combination of the described resource values was performed using the 
Multi-Criteria Evaluation (MCE) module from the IDRISI® Taiga software. This 
method uses the weighted linear combination principle to prioritize the allocation of 
one resource value over the other based on the score of each pixel, defined on the 
individual suitability maps. This procedure led to the composition of the suitability 
map for conservation (Figure 4.2). The steps taken to run the MCE tool follow the 
same procedure used to create the suitability map for each value in Chapter 3.
In addition to the four listed resource values of Table 4.1, the lands currently 
assigned by the legislation as parks and protected areas were included in this 
category. In this case, parks and protected areas received the maximum score of
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the suitability range. The intention is that these areas are obligatorily allocated in this 
land use category when the final combination of zones is performed.
Figure 4 .2 -  Suitability map for the conservation category, under the triad approach, 
in the study area. The closer to the 255 score (darker tones), the better suited the 
land is for conservation. Existing parks and ecological reserves are assigned a 
score of 255.
b) Timber management
In this zone the objective is to identify the sites most likely to be assigned for 
timber harvesting as primary objective. For this category there was no grouping of 
land use activities -  the pre-defined value timber production was taken alone to 
represent the areas that were best fit for this purpose (Figure 4.3).
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Figure 4.3 -  Suitability map for the timber management category, under the triad 
approach, in the study area. The closer to the 255 score (darker tones), the better 
suited the land is for timber management.
c) Ecosvstem-based management (EBM)
For this category, all characterized resource values were grouped to create 
the suitability map. All resource values were included in this zone for two reasons: a) 
to avoid creating a suitability map based on the exclusion of lands well suited for the 
other two zones; and b) to choose stands well suited for the multitude of values 
required when an ecosystem-based management approach is proposed. Despite all 
values being considered, a different weight was attributed to each forest value in the 
combination process. Forest values that were already considered when choosing 
the best areas for the other zones (i.e., conservation and timber management) 
received smaller weights in this combination. For the forest value not considered to
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build the other zones, a similar weight was assigned. The groups of values and their 
respective weights are described in the Table 4.2.
Table 4 .2 -  Attributes and weights used to create the suitability map for the
ecosystem-based management for the triad approach. For details on what is 
considered in each resource value refer to Chapter 3.
Resource values Weight
Timber production 0.08
Mining, oil and gas development 0.16
Agriculture 0.16
Tourism and recreation 0.17
Wildlife habitat 0.17
Old growth forests 0.10
Carbon storage 0.12
Wilderness 0.04
Total: 1.00
The combination of these resource values was performed using the Multi- 
Criteria Evaluation (MCE) module from the IDRISI® Taiga software. The result of this 
combination is a suitability map for EBM, displayed in Figure 4.4.
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*Figure 4 .4 -  Suitability map for the ecosystem-based management category, under 
the triad approach, in the study area. The closer to the 255 score (darker tones), 
the better suited the land is for ecosystem based management.
cO Allocation of the land use categories
To allocate the three categories across the landscape, the proportion of each 
category must be established. Since the number of possible combinations for the 
three categories is endless, one set of proportions was first established as a 
baseline scenario. The sensitivity analysis for exploring the effects of varying these 
proportions is presented in Chapter 5. Thus, the proportions of 20% conservation, 
25% timber management and 55% EBM were the initial set-up. This is the 
intermediate scenario established in Ward etal. (2010), where the benefit of having 
a larger proportion of reserve areas did not severely affect mid-term harvesting 
levels on that specific land base.
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With the suitability map and desired proportion of each category, the 
allocation was performed using the MOLA module in the IDRISI® Taiga software. 
This decision support tool requires the suitability maps, as well as the weight and the 
target area for each category. The target area is the desired percentage that each 
category should have at the end of the allocation process (i.e., 20% for 
conservation, 25% for timber management and 55% for EBM in this trial). The 
weight of each zone, however, determines the relative importance that each zone 
will have in resolving conflicting claims for land. This variable is used when the same 
pixel is claimed by more than one category. A weight is attributed to each zone 
expressing their relative importance comparatively to the other zones. Any weight 
values can be used as long as they have a proportional meaning. For example, a 
weight value of 1 for one category and 1.2 for another indicates that the latter has 
20% more weight than the former. Thus, to examine the influence of the weight in 
the distribution of the land use categories a variety of scenarios were created. The 
settings included a base-case scenario (where each category has the same weight) 
and three other group scenarios. For each of these groups, the weight of two 
categories was held constant, varying the weight from 1 to 3 (extra 200% weight) on 
the third category (Table 4.3).
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Table 4 .3 -  Scenarios created to analyse the influence of the weight in the 
distribution of the land use categories.
Land use 
category
Target
area
Base-
case
scenario
Group 1
Weights
Group 2 Group 3
Conservation 20% - - A  - *  -» *O  00 CO - *  -»  —* -»■ —*
Timber
management 25% -
21.8
1.6
1.4
1.21
Ecosystem
based
management
55% - 3
21.8
1.6
1.4
1.21
e) Analysis
e.1) Influence of the weight
The scenarios proposed to examine the influence of the weight on land 
allocation provided insights on the allocation of categories for this landscape. Since 
each group scenario varied, all the comparisons are made with the base-case 
scenario (Figure 4.5). The first observation is that there is an influence of the weight 
on the allocation of categories. Furthermore, in areas where the suitability for one 
zone is high, there is a tendency of pixel selection for that zone independent of the 
attributed weight. These core areas, that each zone has, behave as a non-conflicting 
region described in Figure 4.1 -  areas that are first selected independently of the 
weight.
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Figure 4 .5 -  Base-case scenario for equal weights under the triad approach.
Each category behaves in a specific manner when its weight is increased. 
When the weight was increased for conservation (group 1), the changes were 
almost nonexistent. Even increasing the weight by 200%, only small changes in the 
allocation of a few patches of conservation areas were observed. With this increase, 
no changes were observed on the allocation of the timber management category.
When the weight was increased for the timber management category (group 
2), these areas became less widely distributed over the landscape. The change in
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the concentration confined the timber category to a single core area. There was no 
observed effect on the conservation category with this increase (Figure 4.6).
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Figure 4 .6 -  Allocation o f categories with the weight for timber management 
increased by 200% under the triad approach.
With group scenario three, the increase on the weight for the EBM category 
had an expressive effect on the allocation of the other categories. When the EBM 
weight was increased by 60%, the timber areas were more spread out over the 
landscape and the EBM replaces some central timber management regions (Figure 
4.7). Again, no drastic change was observed for conservation areas. When EBM
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weight was increased by 80%, however, there was a more pronounced shift: the 
timber management areas started to be allocated in places where the suitability for 
timber is low (places distant from existing roads and low tree productivity). This shift 
is explained by the high amount of highly suitable areas coincident between timber 
management and EBM zones. If weights are the same for both categories, timber 
management is assigned to more areas around the City of Prince George. When the 
weight is increased for EBM, competition for central areas becomes high and EBM 
pixels advance to the centre of the study area, leaving timber management pixels to 
be located in the periphery.
Legend
Conservation
Timber
TFL timber
80 Kilometers
Figure 4.7 -  Allocation of the categories with the weight increased by 60% for 
ecosystem-based management under the triad approach.
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In general, it was observed that the weight had a small influence on the 
distribution of conservation areas. This can be explained by the lack of competition 
among areas highly suitable for conservation and highly suitable for the other two 
categories. As a result, even when increasing the weight by 200% for this category, 
there was no significant change on the final allocation. Bold differences are 
observed in the interaction of the timber management and EBM categories. If the 
weight for the EBM category is increased by more than 60%, pixels for the timber 
management zone are allocated on the outside of the study area (as the software 
attributes a very small score to pixels adjacent to the district boundaries -  if a pixel is 
displayed on the screen, it must have a score attributed). The critical factors that 
force the allocation of pixels for timber management to the outer border of the study 
area are:
a) many of the core suitability areas for timber management and EBM category 
are coincident.
b) about 55% of the area is intended to be allocated to the EBM category.
The mentioned factors create a peculiar condition where not many areas are 
exclusively available for timber. Thus, any significant increase in the weight on the 
EBM category will force the allocation of timber areas in places with low suitability 
scores for timber management.
As a general conclusion about the weight, its influence will depend on the 
specific characteristics of the land use categories. This first analysis should be 
performed in the suitability maps for each pre-defined zone. If the zones have a 
large proportion of exclusive (or not coincident) highly suitable areas, changes to the
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weight will not affect the final land allocation. If there is a large proportion of highly 
suitable areas that are coincident, small changes on weight will have a large effect 
on the final category allocation.
e.2) Allocation analysis
The analysis that follows is based on the base-case scenario (Figure 4.5), 
where the three categories have the same weight. The map, generated during this 
simulation, is raster based (where the land base is composed of pixels). Therefore, 
the group of selected pixels for one zone category represent the regions where the 
compatibility with this use is higher. For example, the group of pixels obtained for the 
conservation category represents the regions that have higher scores for 
conservation. Since these regions are just an indicator, a conversion was made to 
perform detailed analyses. The established procedure was to overlay the pixels with 
the vegetation resource inventory (VRI) data. Even though no similar conversion 
was found in the literature, it was assumed this is a meaningful conversion to real 
land features.
The VRI is the provincial forest cover data that divides the territory in 
homogeneous inventory units, providing stand-level information on vegetation 
resources. As the acquisition of such data is based on air photo interpretation, the 
boundaries of inventory units are the result of the interaction among several land 
cover classification factors, including elevation, drainage, vegetation types and non­
vegetated cover types, plus the effects of stand-replacing disturbances such as fires. 
Despite the constant change in the forest land base, especially regarding vegetation
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types and their structure, it is assumed that the boundaries provided by the VRI data 
may be a reliable way to partition the land base for the analyses. The purpose of 
making the correspondence between pixels and polygons was to obtain stand-level 
information for further analyses. It is recognized that, depending on the purpose, the 
VRI data may carry an excessive amount of attributes or may have polygons sizes 
smaller than required by strategic-level plans. Nevertheless, these data were used in 
the analyses and it is assumed they represent current land cover features and 
attributes.
The overlaying process was based on two GIS layers: one containing the
pixels selected in the allocation process and the other with the VRI data. All
polygons from the VRI layer whose geometric centres were spatially coincident with
the pixel layer were selected. The result from this operation was the creation of a
new polygon layer containing all VRI boundaries and attributes. In the conservation
zone, for example, all VRI polygons that had their geometric centre spatially
coincident with conservation pixels were selected, creating the VRI-based layer for
conservation. After the overlay process, a cleaning step was applied to exclude
fragmented polygons. Thus, small polygon clusters were excluded: clusters smaller
than 85 ha for conservation and smaller than 60 ha for timber management6. The
EBM category was obtained by the exclusion of the polygons that were selected for
the other two categories. As a result, 19.2% of the total study area was selected for
conservation, 24.8% for timber management and the remaining 56.0% for the EBM
category (Figure 4.8). As previously explained, the TFL timber management
6 These thresholds were based on the minimum recommended size for conservation reserves (St- 
Laurent et al. 2006) and on the current limit cutblock size in the region established by the Forest and 
Range Practices Act (ABCFP 2008b).
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category was set as a particular type of zone mainly due to the difference in stand 
data between TFLs and the rest of the region. Thus, the allocation of this category is 
fixed across approaches and the proportions among categories never take into 
account the TFL areas.
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Figure 4 .8 -  Allocation of categories under the triad approach (base-case scenario) 
after conversion to polygon features with minimum area requirement of 85 ha and 
60 ha for conservation and timber management zones, respectively.
In this scenario, timber management areas are mainly centred on Prince 
George City, occupying the plateau country. This distribution is relatively
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concentrated, with several small polygon patches separated by small gaps. These 
areas were chosen because site productivity is high and distances to processing 
centres are short. In this case, only the SBS and a little of the ICH BEC zones were 
selected for timber lands. For conservation areas, the selection process captured 
more pristine environments, all lands currently assigned as parks, tops of mountains 
(including the mountain caribou winter range) and a few isolated valleys. Most of the 
selected lands in this category occur in the ESSF and Alpine BEC zones, with little 
representation of the ICH and SBS. In addition, these areas are concentrated on the 
northeast portion of the study area. Besides covering just part of the study area, 
there was a weak connectivity among the areas selected for conservation.
The EBM zone, that took most of the land base in this scenario, is widely 
spread, representing almost all environmental conditions found in the study area. In 
general, these lands bridge timber management and conservation areas. The 
advantages of widespread intermediate locations for EBM lands are that this wide 
distribution can work as an excellent resource to link separate patches of the same 
category, to create connectivity or work as a buffer when categories with opposing 
objectives adjoin each other. Moreover, these areas are important due to their 
flexibility in terms of use. In this case, future changes in the prioritization of values 
would be easily accommodated within the EBM category (one of the goals for this 
category). The disadvantage is that too much land set for the generic category 
(EBM) makes it more difficult to grasp where the land is well suited to categories 
with a narrower set of objectives. In this case, a further division of the EBM zone 
would be suggested (Burton 1995). As an example, to capture where recreation,
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carbon sequestration or even timber management better fit within EBM areas, a 
further selection would be required.
To allow a more detailed comparison of scenarios, four aspects were 
analysed: stand fragmentation, timber index, stand age profile and site index profile. 
These four characteristics have the purpose of describing patterns for stand 
selection and allocation using measurable variables. For stand fragmentation, the 
interior-to-edge (l/E) ratio was the chosen index for analysis because it is a spatial 
descriptor that carries a biological meaning (Imre 2006). The edge is the outer part 
of the cluster of joined polygons -  as there is no standard measure for the edge, this 
study adopted a 50-metre wide belt as the distance that protects the interior of a 
forested patch from the microclimate of open areas. The interior is the core forest 
area of the polygon, discounting the edge. As this index divides one area by another 
area (km2/km2), the results have no units. The higher the l/E ratio, the larger is the 
undisturbed central polygon area, which is favourable for many interior- and old 
growth-dependent species (Saunders et al. 1991). As this ratio is directly related to 
conservation values, only the conservation zone was analysed. Under this scenario, 
the mean l/E ratio was 3.3. l/E ratio values are influenced by the contrast in structure 
and composition between adjacent communities on either side of the edge, as well 
as by edge characteristics and stand attributes (Harper et al. 2005), there is no 
threshold value that indicates a good or poor ratio. Thus, the results are relative and 
they will be used to compare approaches.
To complete the fragmentation analysis, the mean polygon area was also 
calculated, but for the three zones (Figure 4.9). The results show that, on average,
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areas selected for timber management were organized in larger patches, followed 
by conservation and EBM zones. The large standard error of the mean denotes the 
large size difference between the biggest and smallest polygons in the same zone.
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Figure 4 .9 -  Mean polygon area for the triad categories (± standard error o f the 
mean). “n” = number of observations for the calculation of the standard error of 
the mean.
The timber index is a relative performance indicator of how well suited to the 
timber management suitability map is the timber zone under a specific scenario. The 
purpose of the timber index is the same of the l/E ratio: to have a measurable 
method that facilitates the comparison of tested scenarios. To calculate timber 
index, three steps were applied: First, the polygon-based timber zone result from the 
allocation process was input into the IDRISI software and transformed to a raster 
format. Second, the score of each correspondent pixel found in the timber suitability 
map was attributed to the newly created raster file. The third step was to create the 
timber index based on the equation shown in Figure 4.10.
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L , , Sum of scores from timber pixelsTimber Index = — ——---------- ,------—— ------ . . -— x 10
(255 x number of timber pixels)
Figure 4 .1 0 - Equation used to calculate the timber index.
As described in Figure 4.10, the timber index analyses how close to perfect 
suitability the timber management category is under a specific approach. If, in 
theory, all pixels from the newly created raster file have a value of 255 (maximum 
score in the byte range), the timber index would be 10. Applying this equation to this 
triad scenario the timber index obtained was 9.3. As mentioned for the l/E ratio, this 
value will be useful when comparing different scenarios.
The stand age profile characterizes if the stand selection and allocation for a 
given zone was influenced by the age of the forest. For the triad scenario the stand 
age profile presented a skewed distribution for the conservation category towards 
mature stands, capturing old-growth forests and places with high value for wildlife 
(Figure 4.11). For timber management, the bulk of the stands are under 165 years of 
age -  this is a reflection of stand selection in areas where logging or other 
disturbances had happened in the relatively recent past. The areas selected for 
EBM presented a wider distribution of stand ages, resembling the age profile for the 
entire District.
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Figure 4.11 -  Stand age profile for the triad categories.
In the VRI data, there are also recently disturbed stands and stands with no 
defined age, such as exposed land (including roads), ice, rocks, herbs and shrubs.
In fact, 10.4% of the area in the entire district is classified in the VRI data as one of 
the mentioned non-treed cover types. In this scenario, about 18% of all stands with 
no defined age were placed in conservation, around 52% in EBM and 30% into 
timber management. The allocation of such cover types in all zones is a 
consequence of the employed methodology, where only landscape-level 
characteristics were used to perform the allocation and stand-level data was the 
base for the analyses. A possible way to avoid such a difference is to use stand- 
level data during the entire allocation process -  this procedure is not possible for this 
region due to the incompleteness of some attributes of stand-level data.
The site index (SI) profile is a variable intended to verify how the selection 
and allocation processes are influenced by site productivity. Under this scenario the
■  T im ber
■  Conservation
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selection procedure indicated most of the highly productive sites to the timber 
management category, a basic requirement for this zone (Figure 4.12). For the 
conservation category, the SI distribution was skewed towards less productive 
areas. This is the effect of a strong selection for caribou winter range lands. These 
areas are mainly located on the alpine and ESSF subalpine parkland BEC zones -  
areas with low SI compared to the SBS or ICH BEC zones (BC Ministry of Forests 
1997). The EBM category was left with areas across the entire range of available 
site indices. The advantage in this case is that these areas are designed to have a 
flexible prioritization of objectives. In situations where conservation areas are not 
linked, for example, conservation-oriented objectives could be implemented on the 
EBM linkage to unify sparse conservation clusters.
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Figure 4 .1 2 - Site index profile for the triad categories.
The same cover types that have no defined age in the VRI data are also 
classified as having SI = zero. Thus, there was the allocation of polygons with SI
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zero in all three zones. The selection of these areas to the timber management 
category was caused by the way the suitability map for timber was composed. When 
this suitability map was created, BEC zone distribution (refined up to the variant 
level) was used as a landscape-level indicator of site indices. To obtain stand-level 
SI data, however, VRI data is used as a reference. This source of data brings much 
more detailed information, but not always complete. Thus, within the selected areas 
there are polygons that were not declared free-growing, exposed land, roads, 
wetlands, rocks, ice, avalanche chutes, herbs and shrub lands -  all having SI = zero. 
For the timber management zone, most of the selected polygons were classified as 
the herbs-shrubs cover type. It is important to recall that this methodology was 
designed to identify landscape-level regions more suited to each category, following 
a specific scenario design.
4.2.2. The four-zone approach
As briefly described, this zoning method divides the land base into four 
zones, based on the impact that humans have on the landscape. Even though this 
type of division was not found in the literature for eventual comparisons, it functions 
as the intermediate scenario between the triad and multi-zone approaches. This 
division establishes the following land use categories: a) timber management; b) 
intensive development; c) coordinated conservation and light management; and d) 
exclusive conservation.
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a) Timber management
As prescribed in the triad approach, this category also aims to identify the 
sites most suitable to have timber harvesting as the primary objective. These areas 
would prioritize timber management due to its considerable impact on the landscape 
and requirement for large areas. In fact, large areas are required to enable efficient 
operations. This usually means yielding adequate volume and value to support 
commercial operations during both harvesting and silvicultural operations (Nyland 
2002). For this category the pre-defined value, namely timber production, was taken 
alone to represent the areas that were the best fit for this purpose -  timber 
management (Figure 3.1).
b) Intensive development (ID)
In this category, human activities that are intense on the environment but do 
not need extensive areas are grouped. In this case, the pre-defined values of 
agriculture, mining, and oil and gas development were combined to generate this 
suitability map. This combination was performed overlaying the maps for these two 
resource values in the MCE module on the IDRISI® Taiga software, attributing the 
same weight for the two images. The result of this arrangement is shown in Figure 
4.13.
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Figure 4 .1 3 - Suitability map for the category intensive development, under the four- 
zone approach, in the study area. The closer to the 255 score (darker tones), the 
better suited the land is to this category.
c) Joint conservation and light management (CLM)
This is the zone designed to assemble values that could allow some light 
management interventions without compromising ecological integrity. For this, three 
pre-defined resource values were grouped to generate the suitability map: tourism 
and recreation, wildlife habitat and carbon storage. The mentioned resource values 
were combined using the MCE module on the IDRISI® Taiga software. For this 
procedure the same weight of 1/3 was attributed to each of the three suitability maps 
(map layers). The result of this arrangement is shown in Figure 4.14.
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Figure 4 .1 4 - Suitability map for the category jo int conservation and light
management (CLM), under the four-zone approach, in the study area. The closer 
to the 255 score (darker tones), the better suited the land is to this category.
d) Exclusive conservation (EC)
This category was designed to combine resource values that are 
incompatible with any type of man-made forest management. The resource values 
included in this category are wilderness and old-growth forests. To combine them, 
the same weight was attributed to each one on the MCE module of the IDRISI®
Taiga software. As a final procedure, the lands currently assigned as parks and 
protected areas were added, receiving the maximum score of the suitability range 
(to be consistent with the triad approach). The result of this arrangement is shown in 
Figure 4.15.
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Figure 4 .1 5 - Suitability map for the category exclusive conservation, under the four- 
zone approach, in the study area. The closer to the 255 score (darker tones), the 
better suited the land is to this category.
e) Allocation of the categories
The pre-defined suitability maps were combined using the MOLA module in 
the IDRISI® Taiga software. The target area proportions were 25% timber 
management, 20% intensive development, 35% CLM and 20% exclusive 
conservation, assigning the same weight for each category. As mentioned before, 
the establishment of area proportions is crucial to balance natural differences in 
suitability when suitability maps are compared. Furthermore, these proportions give 
consistency with the proportions set for triad, in effect breaking the EBM category 
down into the intensive development and CLM sub-categories, and facilitates the
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comparison among allocation approaches. The result of this process was a pixel- 
based map with the distribution of the four zones on the landscape. Following the 
same procedure established for the triad approach, the resulting pixel-based map 
was overlaid with VRI data, from which stand-level information was extracted.
After the overlay process, small polygon clusters were excluded for 
conservation and timber management (clusters smaller than 85 ha and 60 ha, 
respectively). Polygons allocated on intensive development were kept without any 
minimum area requirement and the CLM zone was obtained by the exclusion of 
polygons selected for the other three categories. As a result, 24.7% of the total study 
area was selected for timber management, 20.1% for intensive development, 37.0% 
for CLM and the remaining 18.2% for the conservation category (Figure 4.16).
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Figure 4 .1 6 - Allocation of categories under the four-zone approach after conversion 
to polygon features.
f l Allocation analysis
Overall, the timber management zones are centered on a north-south axis 
that passes through Prince George City, with a few regions selected east of this 
axis. These areas present large gaps, among selected clusters of polygons, where 
other categories were allocated. The existence of these gaps would minimize 
problems with concentration of the resource in large contiguous areas -  such as 
incompatibility with conservation values and influence of large-scale natural
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disturbances that could compromise the timber supply. For intensive development, 
the selected locations are mainly between timber management clusters, spreading 
more east and north, permeating the valleys. In fact, their distribution follows large 
river courses, such as the Parsnip, Crooked, McGregor, Morkill, Bowron,
Blackwater, Tabor and lower Chilako Rivers. The CLM areas modestly permeate the 
timber-intensive development block, being mainly located around it and permeating 
the conservation zone. This is the most widely distributed category over the study 
area. Lastly, conservation areas ended up being more concentrated in the eastern 
part of the study area, covering a great part of the mountain caribou winter range. 
This zone included most of the existing parks. The portion of parks not covered by 
this zone was placed in the intensive development category, due to the high value 
that parks have to recreation. Under this allocation system, the TFL timber 
management zone integrated the timber-intensive development block, creating a 
transition between lands designated for high impact and conservation areas.
Regarding the stand-level attributes, the same four aspects were analysed: 
stand fragmentation, timber index, stand age profile and site index profile. For l/E 
ratio, a value of 3.0 was obtained under this four-zone approach. This value is 
slightly smaller than the l/E ratio from the triad system, indicating that conservation 
polygon interiors are not as well buffered. Furthermore, results also show that 
conservation areas were organized in small clusters, inferred from the mean polygon 
area (Figure 4.17). Timber areas, conversely, were composed of a few very large 
patches and several small ones -  the reason for the large standard error of the
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mean. The small mean polygon area for intensive development and CLM zones 
indicate polygon organization in small clusters.
5.0 i
Figure 4.17 -  Mean polygon area (± standard error of the mean) for the four-zone 
approach, “n” = number of observations for the calculation of the standard error o f
The timber index calculated under this scenario was 9.1. This value is lower 
than the index obtained under the triad scenario, indicating that, in order to meet 
targeted area requirements, the allocation process selected polygons for timber 
management in places with lower suitability scores.
Timber and intensive development areas show a skewed stand age 
distribution towards younger stand ages (Figure 4.18). The conservation areas, on 
the other hand, present the age distribution skewed towards mature stands. The 
CLM areas’ age distribution covers the total age range more uniformly. Stands with 
no defined age were also allocated in all four categories. These stands presented 
similar cover types to those described for triad.
Timber
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Figure 4 .1 8 - Stand age profile for the four-zone approach.
As shown by the site index profile (Figure 4.19), the allocation process 
selected the most productive areas (i.e., those polygons with greater site indices) to 
timber and intensive development. This is a reflection of the importance of 
productivity for timber production and for agriculture when defining the suitability 
maps. The intensive development category covers areas within all available site 
indices and conservation areas presented a SI distribution towards lower values -  a 
reflection of the heavy inclusion of mountain caribou winter range habitat (see triad 
allocation). The polygons that have no defined age, classified as SI = zero, were 
allocated in all four categories. Most of these polygons were classified as the herbs- 
shrubs cover type in the timber management category. For the other three 
categories, these polygons also include rocks, ice, avalanche chutes, bogs and 
related areas.
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Figure 4 .1 9 - Site index profile for the four-zone approach.
4.2.3. The multiple-zone approach
This zoning method avoids grouping the pre-defined values for the region, 
leaving each resource value as one category. As a result, each resource value 
described in Chapter 3 was maintained as one land use category for a total of seven 
categories: timber production; agriculture; tourism and recreation; wildlife habitat; old 
growth forests; carbon storage; and wilderness. The resource value called mining, 
oil and gas development was not used in this combination because its suitability 
map attributes the same suitability score to most of the land base suitable for this 
activity. Thus, it was decided to remove this resource value from the multiple zone 
approach. The target area proportions among categories are depicted on Table 4.4.
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Table 4 .4 -  Target area proportions for the multiple-zone approach.
Land use categories Target area Weight
Timber production
Agriculture
Tourism and recreation 
Wildlife habitat 
Carbon storage 
Old-growth forests 
Wilderness
26%
11%
15%
15%
11%
11%
11%
The proportions set in Table 4.4 followed the same general values 
established for the other approaches for the categories with the most contrasting 
values, namely timber management and conservation. As a consequence, timber 
production received a target area of 26%, values associated to conservation (old- 
growth forests and wilderness) make up for 2 2 % of the area and the sum of all other 
values comprises the remaining 52%. These proportions provide consistency with 
the other scenarios, allowing comparisons.
a) Allocation of categories
The suitability maps representing each of the seven categories were 
combined using the MOLA module in the IDRISI® Taiga software, with the target 
proportions set as in Table 4.4 and same weight for all categories. The result of this 
scenario was overlaid with the VRI data, transforming pixel-based to a polygon- 
based map, where stand level information was extracted (Figure 4.20).
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Figure 4.20 -  Allocation of categories under the multiple-zone approach after 
conversion to polygon features. The names on the legend stand, respectively, for: 
Timber management; Agriculture; Tourism and recreation; Carbon storage; 
Wildlife habitat; Old growth forests; Wilderness; and TFL timber management.
As the total number of categories increased, the average block size was 
expected to decrease. Thus, to avoid discrepancies among zones (performing 
exclusion in some zones but not in others), no exclusions were performed. All 
categories were maintained as they were obtained after the pixel to polygon 
transformation. The resulting proportions are displayed in Table 4.5.
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Table 4 .5 -  Proportions o f the land base selected after the conversion of pixels to 
polygons (with stand level information) for the multiple-zone approach.
Categories Target area Area selected
Timber production 26% 25.9%
Agriculture 11% 10.9%
Tourism and recreation 15% 15.0%
Carbon storage 11% 10.9%
Wildlife habitat 15% 14.3%
Old growth forests 11% 11.1%
Wilderness 11% 10.8%
Total 100% 97.9%
b) Allocation analvsis
Despite the more complex visualization (due to the increased number of 
categories), it is possible to observe that timber management areas are mainly 
distributed on a northwest-southeast axis that passes through the City of Prince 
George (Figure 4.20). The greatest concentration of timber polygons is in the 
southeast. They are concentrated in large blocks, without intense fragmentation.
The large gaps among these patches are mainly filled by the agriculture category -  
with an arm-like extension towards the east. Areas for agriculture mainly follow the 
Morkill, Bowron, Tabor, Blackwater and lower Chilako River valleys. Tourism and 
recreation areas are spread over the land base, covering some of the parks and 
protected areas already in place. The other selected areas in this zone include 
places with potential for recreation activities, such as riverside lands, lakes and 
hillsides.
Areas dedicated to carbon storage were mainly concentrated on the eastern 
side of the region, where the combination of highly productive sites and old stands
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exists. For wildlife habitat, even though these areas were scattered over the study 
area, they weakly connect a variety of landscape conditions. Even so, this zone was 
mainly allocated outside the complex timber-agriculture areas, leaving only a few of 
these areas near Prince George City. The old growth category was spread mainly 
across the northern half of the land base, taking ESSF and SBS BEC zones. Lastly, 
the wilderness category was sited far from human-made features. Its largest 
concentration is on the far eastern portion of the region, mostly bordering the 
northeast and southeast limits of the study area.
The same four stand-level aspects were analysed: stand fragmentation, 
timber index, stand age profile and site index profile. The l/E ratio for the 
conservation-related categories (old-growth forests and wilderness) was 0.8. This is 
a very small value when compared with the same ratio from the triad and four-zone 
approaches. This value shows that the division of the land base into a greater 
number of categories drastically reduced the protection from external influences 
created by the polygon-cluster size. This observation is confirmed by the mean 
polygon area per category (Figure 4.21), where the zone old-growth forests was 
organized in small polygon patches. When the mean polygon area is analysed for all 
zones, one may see two distinguishing features: a) the larger standard errors of the 
mean for the categories agriculture, timber and wilderness; and b) the large 
difference of average polygon areas amongst categories. The first point can be 
explained by the occurrence of a few very large patches combined with several 
small ones for the mentioned categories. The elimination of just the largest patch 
would severely reduce averages and standard error of the mean for these
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categories. Regarding the second point, average polygon sizes for wildlife habitat, 
carbon storage and old-growth forests are undoubtedly smaller, being more 
scattered across the study area. Analysed in isolation, about 23% of the area 
selected for wildlife habitat is smaller than 85 hectares -  the minumum 
reccomended polygon size for wildlife and wildlife-related purposes (St-Laurent etal. 
2006). But, if wildlife habitat-friendly categories are spatially combined (wildlife 
habitat, old-growth forests and wilderness), this proportion drops to 6 .8 %.
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Figure 4.21 -  Mean polygon area (± standard error o f the mean) for the multi-zone 
approach, “n” = number of observations for the calculation of the standard error of 
the mean.
The timber index under this scenario was 8.7. This is the lowest value among 
the tested approaches (triad, four zone and multiple zone). A value of 8.7 for this 
index implies that the allocation process could not select polygons for timber 
management in places with higher suitability for timber. This is the result of a more
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compromised solution, where concessions for each zone are made in order to 
satisfy multiple objectives or requirements for all zones.
For the stand age profile (Figure 4.22), timber management and agriculture 
areas presented a skewed stand age distribution towards younger ages, with most 
stands under 200 years. The selection process selected the more recently disturbed 
areas to these two categories. Stands suitable for recreation and wildlife habitat 
were selected mostly from younger forests, but with some contribution from mature 
stands. Wilderness is the only category that is reasonably spread throughout the 
total available age range. The final two categories, carbon storage and old-growth 
forests, consisted of mostly mature stand ages. For these categories, old age is the 
core determining value. Furthermore, all categories received a contribution from 
stands with no defined age. This designation was assigned to places where 
vegetation is not present (such as rocks, avalanche chutes, snow, exposed land, 
etc.), areas covered by herbs and shrubs, as well as forests that were recently 
disturbed (typically by logging or fire).
The site index profile (Figure 4.23) shows that the most productive areas 
were heavily selected for timber management and agriculture zones. Carbon 
storage was the only category that selected the bulk of its area in the mid-range of 
the SI scale. Recreation and wildlife habitat zones presented a SI profile that 
encompassed the entire SI range. Conversely, a greater proportion of lands selected 
for wilderness and old-growth forest categories ended up being allocated in less 
productive sites. These are the areas with less human development due to their 
remoteness or low forest productivity.
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Figure 4.22 -  Stand age profile for the multi-zone approach.
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Figure 4.23 -  Site index profile for the multi-zone approach.
Under this approach, the polygons that have no defined age, classified as 
SI = zero, were allocated in all zones. For timber management, most of these 
polygons were covered by herbs or shrubs. For the other categories, these polygons
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included herbs, shrubs, rocks, ice, avalanche chutes, wetlands, among other types 
of land coverage.
4.3. Conclusions
In this section a comparison among the three approaches is reported. This 
comparison is divided into three parts: spatial distribution; stand age profile; and site 
index profile. The analyses are followed by a general conclusion, where remarks 
point out the strengths and weaknesses of each approach.
4.3.1. Spatial distribution
Results show that, if the target area is maintained among approaches, the 
addition of more zones generally helps to distribute them across the landscape. For 
the timber management category, the triad approach concentrated more of the 
distribution around a core region (surrounding Prince George City), creating small 
gaps throughout this area (Figure 4.24). The four-zone method was able to organize 
the distribution in large blocks and spread them across a greater area of the district. 
The gaps became larger, resulting in more categories being interspersed among the 
timber category blocks. The multi-zone approach, in contrast, reduced the timber 
block sizes and increased their dispersion over the landscape. As a result, more 
areas within the ESSF BEC zone were utilized for timber, leaving more of the SBS 
BEC zone areas to other categories. Overall, this distribution also decreased 
vulnerability to large-scale disturbances but will increase management costs. As
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pointed by Norfolk and Erdle (2005), greater dispersion also creates more evenly 
distributed employment opportunities around the study area.
Figure 4.24 -  Comparison of the spatial distribution for the timber management zone 
among approaches.
If the timber index is compared across approaches one sees the decrease in 
selection of best fit areas for timber management purposes with the addition of more 
zones (Figure 4.25). This means, approaches with greater number of categories 
must be more flexible in order to accommodate the constraints imposed by each 
zone.
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Figure 4.25 -  Comparison of timber index and mean polygon area (± standard error 
of the mean) among tested approaches.
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For conservation-related categories, the inclusion of more zones also 
caused a greater dispersion over the landscape (Figure 4.26). Again, the blocks 
became smaller, improving the coverage of the study area. The downside is 
fragmentation, as the multiple-zone system partitioned the land base in several 
small blocks. The l/E ratio also decreased with mean polygon size (Figure 4.27). As 
expected, the reduction in polygon-cluster size had a direct effect on the protection 
from external influences. Another difference was that lands currently assigned to 
parks and protected areas were all included in the triad, where the other approaches 
divided these lands between conservation and recreation-related categories.
L
\ *
Triad Four-zone Multiple-zone
Figure 4.26 -  Comparison of the spatial distribution for conservation-related zones 
among approaches.
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Figure 4.27 -  Comparison of interior to edge ratio and mean polygon area (± 
standard error of the mean) among tested approaches.
The remaining categories were lumped in the four-zone and in the multi­
zone approaches for better visualization (to compare with the EBM zone on the triad 
approach). In general, the addition of categories caused an increase in 
fragmentation (Figure 4.28). This brings an additional administrative cost. The 
advantages are a better representation of the variety of environments found on the 
study area, as well as an improved indication of where the land is more suitable for 
specific values.
/'TW
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Figure 4.28 -  Comparison of the spatial distribution for categories different from 
timber and conservation among approaches.
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4.3.2. Stand age profile
The stand age profile analysis was used as a reference to evaluate if stand 
selection and allocation for a given zone was influenced by the age of the forest. It 
showed that the triad and four-zone approaches were similar in their selection and 
allocation patterns. When comparing the four-zone and the multi-zone approaches, 
there is an increase in the selection of young stands (those between 10 and 40 
years old) for the timber management category in the multi-zone approach. The 
second difference is decreased selection of mature stands by conservation-related 
categories under the multi-zone approach. This is mostly due to the separation of 
the carbon storage category from conservation, withdrawing old stands.
4.3.3. Site index profile
The site index profile analysis showed that stands are more specifically 
selected and allocated with the increase of zones. In this exercise, stands for timber 
management and conservation better responded to site indices -  for the former 
zone more stands with SI = 15 were selected; for the latter zone more SI = 0 were 
selected.
4.3.4. Final remarks
The observations about allocation are general and acknowledge the 
excessive zone fragmentation, especially under the multiple-zone method. The 
purpose was to characterize the differences among approaches. It is also 
acknowledged that approaches with high fragmentation would be very difficult to
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manage -  management costs would be too high and ecosystem integrity would be 
jeopardized. Stand-level refinements are required before any implementation.
The overall observation is that the addition of categories increases their 
distribution over the landscape. Analysing by zone, timber management with the 
triad system was less distributed over the landscape, presenting smaller gaps 
among blocks to fit other zones. Its organization includes a few large blocks and a 
heavy selection of recently logged stands. This scenario presents an advantage: 
lower costs for access during stand establishment, maintenance, harvesting and 
silviculture operations, and lower costs on log transportation. If this scenario is 
considered for implementation in regions where disturbances are based on large 
gaps (supposing the management goal is to mimic natural disturbances), this 
approach can also be interpreted as advantageous. If the disturbance regime is 
based on small gaps, such as wet BEC zones within the study area, it may be seen 
as a disadvantage. In this case, blocks would be too concentrated over one specific 
part of the landscape, decreasing spaces among blocks where other zones could be 
allocated.
The four-zone arrangement increased the dispersion of timber areas over the 
landscape, organizing it into larger but more separated blocks. This organization 
allowed the inclusion of other categories amongst timber blocks. The benefits of this 
arrangement are the improved selection of stands with greater SI and a better 
integration of timber and other zones within the study area. The downside is that 
these large blocks are not very well suited for wetter subzones, such as those found 
on foothills east of the Prince George. Refinements would be required at the stand
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level to create management diversity within the large blocks of managed forests that 
would be formed with this approach.
Under the multi-zone structure, timber management areas were more 
dispersed over the study area, covering a larger diversity of environmental 
conditions. As a consequence, more of the SBS BEC zone was allocated to other 
uses. Polygons were also organized into smaller block sizes with less interior forest 
representation (i.e., low l/E ratios). This organization brings more protection in case 
of large-scale disturbances. On the other hand, it is more costly to operate for stand 
establishment, maintenance, harvesting and silviculture operations. Furthermore, 
more young age stands (10 to 40 years old) were selected. This indicates a better 
selection of recently disturbed stands, focusing on the selection of areas already 
managed for timber values. This not only values investments already made on those 
lands, but also minimizes the conversion of undisturbed areas into timber-oriented 
areas.
Regarding conservation-related zones, the triad approach organized 
selected areas in larger blocks, concentrated over a specific portion of the study 
area. As a result, the greatest l/E values for this zone were obtained under this 
approach. Although this ratio helps identify the best places for reserves, they should 
not be analysed in isolation. When the spatial distribution is analysed, one can see 
the four-zone or the multi-zone approaches were more successful in creating 
connectivity among conservation-related areas throughout the region.
The four-zone arrangement resulted in the best coverage of the east half of 
the study area, selecting more mature stands. The multi-zone scenario generated
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more dispersed blocks, with more fragmentation. Even so, there was an 
improvement in representing the land base.
For the other categories, the four-zone arrangement managed to select 
more of the alpine, wetlands and recently disturbed areas. The multi-zone structure 
distributed these categories more homogeneously throughout the land base, 
selecting more mature stands. Thus, it was able to better capture the specificities of 
each resource value.
The general conclusion for the number of categories (considering the 
methodology adopted) is that the addition of categories improves the division of the 
landscape into zones. Between the triad and four-zone approaches, the latter was 
more successful in integrating the spatial arrangement of categories, better 
representing the landscape for conservation values. If the four-zone and the multi­
zone scenarios are compared, the latter was able to better select stands for each 
specific value, being better distributed on the landscape. The challenge for this 
approach is to deal with the fragmentation created as a result. A refinement should 
balance value representation and operational costs. A possible option for zoning 
might be to perform the allocation process based on several categories, followed by 
a posteriori amalgamation of related zones. This would enable the capture of 
specific values and further organize them in a different number of final categories.
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5 . INFLUENCE OF THE INITIAL AREA PROPORTIONS
5.1. Introduction
In the constant search for sustainable forest management strategies and 
policies, the zoning method seems to be better suited for a reality where the demand 
for timber products and the pressure towards conservation grow simultaneously 
(Binkley 1997, Zhang 2005). The problem is to quantify how much land should be 
allocated for specialized uses and how intensive the specialization should be (Zhang 
2005).
The effects of the number of categories on the zoning process were explored 
in the previous section. This chapter chooses one zoning approach to investigate 
the effects of allocating different target areas among a fixed number of categories.
As triad is the most cited strategy proposed in North America (Cote et al. 2010), 
contributions towards a better understanding of this zoning method could enlighten 
decisions on the forest land use zoning in general.
Even though the triad structure is well defined and comprehended by many 
(MacLean etal. 2009), one question requires further exploration: how much area 
should be allocated to each of the three zones? To evaluate and discuss how much 
influence the targeted area proportions have on the final characteristics of the land 
use allocation, this chapter explores five scenarios for the triad approach in the
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Prince George Forest District. These scenarios are designed to gain insight on how 
changes in the proportional areas desired affect the final allocation of categories 
under the triad system.
5.2. Methodology
The same suitability maps defined for the triad approach in Chapter 4 were 
taken as a base: conservation, timber management and ecosystem-based 
management (Figures 4.2, 4.3 and 4.4). These maps were combined in five different 
scenarios, exploring the consequences of prioritizing specific categories at the 
beginning of the zoning process (Table 5.1), as might be proposed by different 
stakeholder groups or reflecting society’s values at different points in space or time.
Table 5.1 -  Scenarios established to verify the effects o f allocating different target 
areas among a fixed number o f categories in the study region. Scenario 1 is 
the base-case scenario in Chapter 4. Scenario 5 searches for the land’s 
natural suitability based on the highest pixel value.
Categories Scenario 1* Scenario 2 Scenario 3 Scenario 4 Scenario 5
Conservation 20% 33.3% 37.5% 50% Highest
EBM 55% 33.4% 25% 25% pixel
Timber 25% 33.3% 37.5% 25% score
The first scenario is the base-case scenario of Chapter 4 -  a scenario in 
Ward et al. (2010) that balances the proportion of conservation areas and harvest 
volumes. In this case, the priority or the default is the ecosystem-based 
management (EBM) category. The second one is based on an even proportion for 
each category. With these settings, the three categories would have the same
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priority, increasing the proportions of specialized zones from scenario 1 . Scenario 3 
forces the system towards more specialized categories. Together, the two 
specialized categories take 70% of the land base, leaving just 30% to EBM. In 
scenario 4, half of the land base was set for conservation, leaving the other half to 
be divided between EBM and timber management. Finally, scenario 5 searches for 
the land’s natural aptitude amongst the three land use categories, assigning a 
recommended land use on the basis of the highest pixel score extracted from the 
three suitability maps.
In the IDRISI® Taiga software the suitability maps for the three land use 
categories (Figures 4.2, 4.3 and 4.4) were combined to run the proposed scenarios. 
Scenarios 1 to 4 used the Multi-Objective Land Allocation (MOLA) module as the 
combining tool. This MOLA module is responsible for an allocation based on area 
requirements for each suitability map. Scenario 5 used the MDCHOICE module to 
extract the highest pixel value of the three suitability maps without any area 
restriction or limitation. In all scenarios the same weight was used for the three 
images.
As indicated in Chapter 4, the stand-level information was obtained from the 
vegetation resource inventory (VRI) data. In these simulations the exclusion of small 
polygon clusters was also applied (clusters smaller than 85 ha for conservation and 
smaller than 60 ha for timber management7). The EBM category was obtained by 
the exclusion of the polygons that were selected for the other two categories. The
7 These thresholds were based on the minimum recommended size for conservation reserves (St- 
Laurent at al. 2006) and on the current limit cutblock size in the region established by the Forest and 
Range Practices Act (ABCFP 2008b).
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resulting maps, containing stand-level information, were analyzed separately, 
following the same structural approach used in Chapter 4.
5.3. Scenario 1
Since this is the base-case scenario of the triad approach, all results and 
analyses can be found on Chapter 4, under the discussion of the triad system.
5.4. Scenario 2
After the exclusion of small polygons in the conservation and timber 
management zones, 32.5% of the land base ended up being selected for 
conservation and 32.7% for timber management. The remaining 34.8% of the area 
was allocated to the EBM zone (Figure 5.1). In this scenario, the conservation 
category took most of the highlands and all pre-existing parks in the region. 
Therefore, most of the ESSF and Alpine BEC zones were placed into this land use 
category, with a small representation from the SBS and ICH BEC zones. This 
selection was defined by a high representation of caribou winter range, pre-existing 
parks and reserves, summed with the low suitability of most of these lands to timber 
management and EBM zones. Overall, these areas formed a well connected 
network of reserves than observed in the triad base case.
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Figure 5.1 -  Distribution of categories for scenario 2.
The timber management category was mainly arranged around Prince 
George City. Its distribution did not get too dispersed over the land base due to the 
importance of short distances to roads and processing facilities and productivity. In 
this case, areas were selected on the plateau, where productivity is high (most 
within the SBS BEC zone) and land is centred on the principal processing centre, 
the city of Prince George. The EBM category, in general, linked conservation and 
timber management zones. It became distributed across the transition of SBS and
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ESSF BEC zones, incorporating some ICH BEC zone. It was also scattered within 
the blocks formed by the timber management category.
Among the three categories, conservation was organized in larger clusters, 
with a consequent greater mean polygon area (Figure 5.2). Here, the large standard 
error of the mean denotes large differences among polygon cluster sizes. 
Furthermore, the interior-to-edge (l/E) ratio for the conservation zone under this triad 
approach was 4.3. This value is greater than the ratio obtained in the base case, 
indicating an improved polygon protection from external influences.
Conservation
n = 82
EBM
n = 3572
Timber
n = 359
Land use categories
Figure 5.2 -  Mean polygon area (± standard error o f the mean) for scenario 2. “n” = 
number o f observations for the calculation of the standard error of the mean.
The timber index calculated under this scenario was 9.1, indicating a 
decrease in the selection of areas best fit for timber management when compared 
with the scenario 1. This was the result of the greater dispersion of timber polygons 
when compared to the base-case scenario.
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The stand age profile (Figure 5.3) showed the same general pattern of 
polygon selection observed in scenario 1 : heavy selection of young stands for timber 
management; heavy mature stand selection for conservation; and a wide age 
selection by the EBM category. The major difference from the base case, however, 
was observed in the proportion of stands with no defined age. In this scenario, about 
46% of these stands were allocated in the conservation category, 38% in the timber 
management zone and 16% in the EBM category. Considering that this is an even 
category area distribution (1/3 of the land base for each category), most of these 
stands with no defined age were allocated for the conservation category, a result of 
unforested highlands being favoured for conservation.
re
JZ
200
180
160
140
120
O 100 
x
reat
*
80
60
40
20
0
1
8i i II I I I  l i i i l l l i
■  Tim ber 
□  EBM
■  Conservation
o  oi-t CM
T t i f  I I I I  I I f f
o o o o o o o o o o o o o o o o o o o o o o o o om*tmt£f^ooai©H(Nro^-invor*ooQ>o*-irMfn<tu">vDN
HHHHHHHHHH(N(N(NfNlN(N(NN
T T 1
o o +00 O) O 
IN  fN O  m
Stand age (years)
Figure 5 .3 -  Stand age profile for scenario 2.
The site index profile (Figure 5.4) also followed the same pattern observed for 
the base case scenario: a selection of less productive sites for conservation, more 
productive sites for timber management and all productivities in EBM. Regarding
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areas with SI = 0, the distribution by zone followed the pattern observed for stand
age.
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Figure 5 .4 -  Site index profile for scenario 2.
5.5. Scenario 3
This scenario effectively allocated 36.5% of the land base for conservation, 
36.4% for timber management and 27.1 % for the EBM category (Figure 5.5). In this 
scenario, timber management polygons can be found scattered over most of the 
available land base. It occurs in most of the SBS BEC zone as well as some of the 
ESSF and ICH as well.
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Figure 5 .5 -  Distribution of categories for scenario 3.
For conservation, almost all highlands and all parks and protected areas were 
represented. The established network of areas for conservation values dominates 
the eastern half of the landscape. The EBM zone occupied some valleys in the 
eastern portion of the study area, and permeated the core timber management 
region in the central-west part of the District. Fragmentation is an issue in this 
scenario, as conservation and timber zones presented small polygons scattered 
throughout the region, making it expensive to manage (see the issues presented in 
Chapter 4). Timber management areas were organized in smaller patches than
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conservation areas, shown by the mean polygon area (Figure 5.6). The l/E ratio for 
conservation under this scenario was 3.2. This value is in the same range from the 
ratio obtained in the base-case scenario, being smaller than scenario 2. Timber 
management areas, conversely, were organized in units smaller than conservation, 
and obtained the smallest timber index value among the three first scenarios of 8.9. 
This is the expected behaviour of increasing a target area: areas with smaller 
suitability scores must be selected to reach a greater target area. Despite EBM 
being the category with the smallest mean polygon area, this category is intended to 
work as a connector between conservation and timber management areas. 
Therefore, small numbers represent a small average size, but in this case, this trait 
does not have a negative connotation.
Conservation EBM Timber
n = 209 n = 4233 n = 548
Land use categories
Figure 5 .6 -  Mean polygon area (± standard error of the mean) for scenario 3. “n” 
number of observations for the calculation of the standard error o f the mean.
The stand age profile (Figure 5.7) depicts a heavy selection of young age 
stands for timber management, a uniformly distributed selection of all stand ages for
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conservation and a selection of mature stands by EBM. This profile is different from 
earlier ones, because it allocated recently disturbed areas for conservation and not 
for EBM. Furthermore, approximately 50% of all stands with no defined age were 
allocated for conservation, with the remaining 40% and 10% designated for timber 
and EBM zones, respectively.
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Figure 5.7 -  Stand age profile for scenario 3.
The site index profile (Figure 5,8) kept the same configuration as the other 
scenarios but with different proportions. For stands with SI = 0, conservation took 
61% of this area and timber 33%, leaving the remaining 6 % to the EBM zone. This is 
a small variation from the proportion found on the stand age profile.
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Figure 5 .8 -  Site index profile for scenario 3.
5.6. Scenario 4
In this scenario conservation was set as the priority, reserving about half of 
the study area for this purpose. The result was 48.4% of the study area falling into 
conservation, 24.6% into timber management and 27.0% into the EBM zone. With 
these proportions, conservation areas expanded to the west side of the region and 
formed a more complete network across the study area (Figure 5.9). The distribution 
of timber management areas was similar to scenario 2 and EBM areas permeated 
conservation and timber categories.
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Figure 5 .9 -  Distribution of categories for scenario 4.
The mean polygon area (Figure 5.10) resembles the results found under the 
base-case scenario, but with a greater mean value for conservation and smaller for 
EBM. The l/E ratio for conservation was 3.0, the smallest value among all tested 
scenarios. This decreased ratio was expected, as 50% of the study area was 
targeted for conservation purposes. Thus, the likelihood of having a greater number 
of small polygons with less effective interior protection increases. Regarding the 
timber index, it presented a value of 9.3. As the targeted proportion and spatial
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distribution for the timber zone were the same as obtained in scenario 3, the timber 
index was also the same.
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Figure 5 .1 0 - Mean polygon area (± standard error of the mean) for scenario 4. “n” = 
number o f observations for the calculation of the standard error of the mean.
The stand age profile (Figure 5.11) shows the same pattern found in scenario 
3, but with a greater allocation of young age stands to conservation. Through this 
scenario, 62% of the stands with no defined age were selected for conservation, 
leaving 30% to timber and 8 % to the EBM zone.
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Figure 5.11 -  Stand age profile for scenario 4.
For site index (Figure 5.12), the profile pattern was similar to the one 
observed for scenario 3, only changing the amount of area in each category. About 
6 8 % of the stands with SI = zero were selected for conservation, 26% for timber and 
6 % for EBM.
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Figure 5 .1 2 - Site index profile for scenario 4.
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5.7. Scenario 5
When the highest pixel score was extracted for each location and land use 
allocated accordingly, 28.1% of the land base was selected for conservation, 10.5% 
for EBM and 61.4% for timber management (Figure 5.13). In this scenario, the same 
weight was attributed to the three suitability maps. Following these settings, timber 
took basically the west half of the study area, except where pre-existing parks were 
in place. Conservation areas were allocated on the mountains and pre-existing 
parks, taking most of the east half of the study area. With so much land well suited 
to the other two zones, the remainder EBM category was mostly placed on the 
interface of the two other zones and in the valley bottoms. Another observation is 
the high amount of adjacencies between timber and conservation zones. In this 
case, a higher weight could be assigned to the EBM zone to better buffer the other 
zones (option investigated latter).
The mean polygon area profile (Figure 5.14) shows a unique organization 
pattern of polygons clusters. The mean polygon area for timber was the greatest 
among all tested scenarios, due to the creation of a single very large polygon cluster 
that represented 91 % of the total polygon area for all polygons selected for this 
zone. Furthermore, the timber index under this scenario was 8.4, being the smallest 
index from all scenarios. This is the result of the selection of over 60% of the land 
base for this zone, allocating lands that despite not having high timber scores had 
higher pixel scores than for other zones. The conservation zone is characterized by 
three notable features: a) great mean polygon area; b) l/E ratio of 4.6, the highest 
among tested approaches; and c) good spatial connectivity among areas selected
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for this zone. The EBM zone, on the other hand, presented the smallest mean 
polygon area among all approaches.
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Figure 5 .1 3 - Distribution of categories for scenario 5 with the same weight 
attributed to all categories.
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Figure 5.14 -  Mean polygon area (± standard error of the mean) for scenario 5. “n” = 
number o f observations for the calculation of the standard error o f the mean.
Figure 5.15 shows the peculiar distribution of stand ages found on scenario 5. 
Here, the timber management category encompassed polygons from almost all 
available ages -  including 52% of the stands with no defined age. Conservation, 
conversely, was more specific, with 39% of its area assigned to stands with no 
defined age, and most of the mature stands going to that category. EBM areas were 
selected from a few young stands and more of the mature age classes.
Regarding site indices, the timber management category was designated for 
the most productive sites, as well as 40% of the stands classified as SI = zero 
(Figure 5.16). About 50% of the SI zero stands were selected for conservation, in 
addition to most of the sites with low productivity (places associated with mountain 
caribou winter range habitat). The EBM zone was also designated primarily on less 
productive polygons.
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Figure 5 .1 5 - Stand age profile for scenario 5.
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Figure 5 .1 6 - Site index profile for scenario 5.
Overall, scenario 5 does not present a feasible land use solution for several 
reasons. First, it is ecologically unacceptable to have virtually all conservation areas
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in the high country. In these places, forest productivity is lower, limiting the variety of 
ecosystems necessary to represent a good benchmark of forest reserves. Secondly, 
the habitat requirements for most species would not be represented. All wetland- 
dependent wildlife, for example, would be underrepresented. Thirdly, over 60% of 
the land base that has the highest average SI dedicated to timber management 
would concentrate excessively the resource for only one objective. Lastly, the small 
proportional area dedicated to EBM would drastically limit our ability to adapt to 
changes. This zone is key to accommodate changes in climate, management 
paradigms and stakeholder’s values. If this category is underrepresented, this ability 
to adapt would definitely be compromised.
There is, however, the possibility of adjusting the weight of each suitability 
map to obtain better area proportions for each zone. As the proportion of the EBM 
category zone was too small, its weight could be progressively boosted8 to evaluate 
the changes in the proportions of all categories. When the weight of the EBM zone 
was increased by regular intervals of 10%, the allocation process decreased the 
proportions for timber management and conservation zones (Figure 5.17) with a 
range expansion for the EBM zone. Just as a reference point, Figure 5.18 shows the 
spatial distribution of zones when the EBM category had its weight increased by 
40%. In that case, approximately 64% of the study area was allocated for the EBM 
zone.
8 The weight attributed to all three categories was the same in the scenario 5.
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Figure 5 .1 7 - Area proportions o f the three categories in scenario 5 when the weight 
of the EBM zone was increased by regular intervals o f 10%.
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Figure 5 .1 8 - Distribution of categories for scenario 5 when the weight attributed to 
the EBM zone was increased by 40%.
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If further adjustments are made in the weights of the suitability maps, a 
scenario close to the base-case may be reached when the weight for the EBM zone 
is increased by 40% and the conservation is boosted by 10%. This combination 
would result in 23.5% of the land allocated for the timber management zone, 57.2% 
for the EBM and 19.3% for the conservation category (Figure 5.19).
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Figure 5 .1 9 - Distribution of categories for scenario 5 when the weights o f the EBM 
and conservation zones were increased by 40% and 10% respectively.
When these results are compared with the results obtained in the base case 
(scenario 1 ), differences may be observed in allocation, fragmentation and stand-
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level attributes. Under this new scenario, the conservation areas were mainly 
allocated on the northeast and eastern portions of the study area. In fact, the major 
noticeable difference from the base-case scenario is the higher concentration of 
conservation polygons allocated northwards. For the timber management zone, 
conversely, there was a remarkable difference in terms of allocation: under this 
scenario, timber polygons were allocated across most of the available land base. 
The limitation to allocate timber polygons very close to Prince George, as observed 
in the base case, was not the priority. As a result, areas allocated for timber were 
dispersed across the study area, being only limited by the mountains. The 
immediate consequence was the better distribution of lands allocated for the EBM 
zone across the entire study area, creating a more balanced representation of the 
variety of specific environments found in the region.
The great mean polygon area for conservation observed under this scenario 
denotes the overall organization of polygons in large clusters (Figure 5.20). 
Additionally, the l/E ratio for conservation obtained under this scenario was 3.9, 
showing that on average these polygon clusters have better protected interiors than 
observed in the base case. The EBM areas were organized in larger polygons, 
leaving timber management areas more fragmented and scattered across the study 
area. The timber index under this scenario was 8.4: a low value considering that 
only 23% of the land base was allocated for this zone.
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Figure 5.20 -  Mean polygon area (± standard error of the mean) for scenario 5 when 
the weights o f the EBM and conservation zones were increased by 40% and 10% 
respectively, “n” = number of observations for the calculation of the standard error 
of the mean.
The differences noticed in the stand age profile (Figure 5.21) were mainly 
associated with the timber management zone. Compared to the base case, the 
allocation procedure selected for timber management more polygons under 30 years 
old, less stands between 50 and 160 years old and more polygons currently 
dominated by forest over 200 years old. Under this scenario, the allocation of stands 
with no defined age followed the targeted proportions for each zone: approximately 
23% for timber management, 58% for EBM and 19% for conservation.
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Figure 5.21 -  Stand age profile for scenario 5 when the weights of the EBM and 
conservation zones were increased by 40% and 10% respectively.
The site index profile (Figure 5.22) did not show major differences from the 
results obtained under the base-case scenario. In terms of tree growth productivity, 
estimated by the SI, less productive sites were allocated for conservation and the 
most productive sites for timber management. The EBM zone was allocated on 
polygons with all productivity levels.
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Figure 5.22 -  Site index profile for scenario 5 when the weights o f the EBM and 
conservation zones were increased by 40% and 10% respectively.
5.8. Conclusions
The tested scenarios evaluated the influence of increasing the proportions of 
specialized categories on the zoning process for this specific land base. All 
scenarios were compared with the base-case scenario, where 2 0 % of the land is 
devoted to conservation, 55% to ecosystem-based management and 25% to timber 
management.
5.8.1. Spatial distribution and fragmentation
For a better understanding of the changes resulting from targeting different 
area proportions among land use categories, conclusions are presented by zone. As 
observed in Figure 5.23, the allocation of 20% of the land base for the conservation 
category selected lands for this zone are mainly in the mountains and lands
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currently assigned as parks. The mountains, with their more pristine environments 
and greater distance from roads, are highly compatible with conservation values. 
This is where core areas for conservation are located. The increase in the area 
target for this category resulted in a greater selection of ESSF and ICH BEC zones. 
With a further increase for this category, conservation areas took all highlands and 
some scattered places on the periphery of the study area. When conservation was 
maximized to 50%, this zone expanded towards the center of the study area. It 
seems that, for this specific land base, the l/E ratio reaches its maximum value when 
approximately 33% of the land base was allocated for conservation. This occurs 
when all highlands in the eastern part of the region were selected to this zone and 
they created a well interconnected system of reserves. With an additional inclusion 
of areas for conservation, scattered small polygon clusters were joined from other 
parts of the landscape. For conservation in general, the inclusion of areas for this 
zone improves the diversity of environments found in the study region, but it 
decreases the overall l/E ratio. Beyond the target area of 33% for conservation, the 
observed increase in coverage was matched by the decrease in mean polygon area, 
due to the inclusion of small scattered polygons.
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Figure 5.23 -  Comparative land allocation results from tested approaches.
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When 25% of the land base is allocated for timber management, this zone is 
centered in areas around Prince George City (Figure 5.23). The increase in this 
proportion resulted in a greater selection of SBS BEC zone. If the target area for this 
zone is further increased, timber areas expand its range, occupying most of the 
plateau country. The direct consequence of such increase in area target was the 
decrease in mean polygon area and in the timber index. The decrease in area 
happened because more scattered polygon clusters were added as target area 
increased. Furthermore, if the target area is increased, pixels with lower suitability 
score must be selected to meet area requirements, lowering the timber index.
To enable the progression in specialized categories (i.e., conservation and 
timber management), the EBM zone must decrease its contribution. This category 
shrinks but remains present in valley bottoms -  the typical transition between 
conservation and timber patches for this region (Figure 5.23). These valleys, located 
in the transition between the plateau and mountains, have a high productivity, but 
they are too distant from processing centres. As transportation costs keep 
increasing, it is likely that these valleys will become more marginal for timber 
management investments, increasing their importance as core regions for EBM. For 
this zone, the decrease in target area also decreased the mean polygon area. This 
happened because the initial large polygon blocks set for EBM were partitioned to 
include the other categories, leaving selected areas organized in smaller clusters.
Most of the previously described behaviour is explained by the land’s natural 
features as inferred by the highest pixel score among suitability maps. In this 
scenario, timber management is highly suitable in almost the entire SBS BEC zone,
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restricted only by distance. Even the ESSF and ICH BEC zones are identified as 
highly suitable for timber management, mainly due to their high productivity. On the 
other extreme, areas that seem to be more suited for conservation, according to the 
values defined for this land base, are most of the highlands (ESSF BEC zone) along 
with existing parks on the plateau. The EBM category appears to be better suited for 
areas not too close to the city and not into the highlands.
When the allocation process was based on the highest pixel score, and the 
weight of each zone was adjusted to meet the target area proportions established 
for the base-case scenario, the results were quite different (Figure 5.24). These 
differences were more evident for the timber management and EBM zones. The 
reason for this new allocation pattern results due to the allocation process. When the 
compromised solution method is chosen (as in the base-case scenario), the 
software first searches for areas that constitute the best fit for each objective in non­
conflict regions. When the exclusive regions are all selected, the search lowers the 
decision line to meet the target area required by each zone and arrives at a 
compromised solution. In this case, both zones sacrifice a little of their optimum 
suitability scores. When the highest pixel score methodology is implemented, the 
priority is not to find a compromised solution, but just follows the highest pixel score. 
Here, the adjustments made in the weight of each suitability map to meet a pre- 
established target area do not search for a compromise. As the best suited pixels for 
timber management and EBM zones overlap considerably, the increase in the 
weight of the EBM zone will prioritize stand allocation for the EBM zone over timber 
management. As a result, timber management areas were allocated across most of
165
the available land base. This allocation process improved environmental aspects 
related to a more balanced representation of the variety of specific environments 
found in the study area and to the smaller mean polygon area. The decrease in the 
timber index, however, shows that these advantages may increase costs related to 
distances and tree growth. For the EBM zone, these areas became more distributed 
across the land base, better permeating the conservation and timber zones. This 
allocation rearrangement also placed EBM polygons closer to Prince George City. 
The conservation zone showed only small allocation rearrangements, resulting in 
the increase for the l/E ratio and mean polygon area.
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Figure 5.24 -  Comparative land allocation results from the base case (left) and 
scenario 5 when the weights o f the EBM and conservation zones were increased 
by 40% and 10% respectively (right).
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5.8.2. Stand age profile
Increasing the percentage of conservation areas led to the inclusion of more 
young stands and basically no difference in the selection of mature stands among 
tested scenarios. The amount of mature stands did not change because these are 
the core areas for the conservation zone. The variation in the amount of young 
stands, however, is the result of the conservation zone expanding into areas with 
less suitability (no core regions) to meet a target area. For the timber management 
zone, the difference among scenarios is that more young stands are selected with 
augmentation of this zone’s proportion. This may be explained by the inclusion of 
more recently disturbed stands. In this land base a great part of the plateau country 
(area with the highest suitability for timber management) was already harvested in 
recent decades. Thus, the augmentation of the timber management target area 
proportion will continue allocating this type of stand for timber. As the proportion for 
this zone varied from 25% to 37.5% in tested scenarios, the selection process kept 
including more young age-class stands to meet the target area proportion.
If the allocation process is based on the highest pixel score among suitability 
maps and weights are adjusted to meet the target area proportions established on 
scenario 1, the selection pattern changes. Compared to the base case scenario 
(scenario 1), the rearrangement mainly observed between the EBM and the timber 
management zones led to a more intense allocation of young and old age-class 
stands for timber management.
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5.8.3. Site index profile
The site index profile showed that the most important areas for conservation 
have a low average SI. As the conservation proportion is increased, more productive 
sites are allocated to the conservation zone. When 50% of the land base is 
dedicated to conservation, this zone had polygons selected with all productivity 
levels, including the most productive sites -  the more land is required to meet a 
target area, the further selected lands get from optimum suitability. For the timber 
management zone, as this category’s share increased, more of the productive sites 
(sites with high site index) were selected.
In general, based on the tested scenarios and pre-set assumptions, the 
increase of proportions for specialized categories spread them over the land base. 
This expansion, however, is not random. First, the categories saturate the non­
conflicting regions (areas where the suitability value is very high for just one of the 
categories). In this very particular land base, the core suitability areas for 
conservation do not overlap the other two zones and the zones for timber 
management and EBM overlap extensively.
If the proportional area targeted for zones is not set, the land’s natural 
suitability would allocate most of the study area to the timber management zone, 
due to the suitability of the SBS BEC zone for timber-related activities. The use of 
weights in the methodology based on the highest pixel score among suitability maps 
also give suitable results, but they are different from those obtained using the 
standard allocation methodology adopted in this work. The main difference is that
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the approach that uses target proportions for each zone searches a compromised 
solution (each zone lowers its suitability optima to obtain an overall acceptable 
scenario). The land’s natural suitability approach does not search for compromises -  
it just allocates lands for specific zones based on the pixel score.
This is why the definition of some allocation parameters is crucial during the 
simulations. In fact, these parameters should come from society to reflect what local 
communities expect from the land base. If the proportion of each category is 
established, we would avoid getting infeasible allocation results. If this proportion is 
not set and the land’s natural suitability is evaluated, adjustments in the weight 
among suitability maps must be performed. These adjustments would reduce the 
over-representation or under-representation of categories.
Ultimately, as highlighted by Montigny and MacLean (2006), the area 
proportions among land use categories are driven by the values expressed by the 
landowners. Increasing land allocation to one category necessarily comes at the 
expense of the other two. Nonetheless, the maximization of forestry productivity in 
some key areas allows setting aside more areas for conservation, protecting all 
values at a landscape level (Binkley 1997, Sahajananthan et al. 1998).
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6. INCORPORATION OF CLIMATE CHANGE PREDICTIONS
6.1. Introduction
The change in climate is unequivocal, as observed in recent trends for air and 
ocean temperatures, melting snow and ice, and rising sea level (IPCC 2007). It is 
also known that boreal forests are especially sensitive to global warming and are 
likely to be severely affected by climate change (IUFRO 2009). In British Columbia 
alone, the unprecedented increase in severity of mountain pine beetle attack and 
Dothistroma needle blight disease have in part been attributed to changes in climate 
(Hamann and Wang 2006). As predictions forecast an increase in temperature of 
about 0.5°C per decade, changes in future ecosystem distribution are expected 
(Hamann and Wang 2006). To help with these predictions, climate models are used 
to provide information used to project potential future ecosystem distributions.
As climate explains much of the large-scale spatial variation in species 
composition and productivity of forest ecosystems (Williamson 2009, Rose and 
Burton 2011), the use of bioclimate envelope studies may generate quite precise 
future ecosystem distributions (Hamann and Wang 2006). Thus, the projections of 
future climatic regimes from Hamann and Wang (2006) were used in this thesis as 
the predictor of future distribution of BEC zone climates. These projections are 
based on ecosystem-based climate envelope modeling. Since these authors used 
general circulation models (GCMs), and GCMs rely on emission scenarios, these
projections carry underlying assumptions and present limitations. For the emission 
projections, the underlying assumptions include alternative projections of socio­
economic, demographic and technological change (IPCC 2007). Legates (2002) 
describes the limitations of GCMs in five points:
a) an incomplete understanding of the climate system;
b) an imperfect ability to transform our knowledge into accurate mathematical 
equations;
c) the limited power of computers;
d) the models' inability to reproduce important atmospheric phenomena; and
e) inaccuracy in the representation of the complex natural interconnections.
Despite limitations and underlying assumptions, these models give the best 
scientific-based climate projections available to date for the study area. Thus, these 
climate projections are used in this thesis as the basis for scenarios that account for 
future climate changes.
Despite the potential that climate has to induce shifts in plant species 
distribution (Hamann and Wang 2006; DeLong et al. 2010), other factors also 
contribute to define the magnitude of such changes. These factors include soil 
characteristics, local topography, groundwater level, atmospheric C 02 level, among 
others. Thus, the bioclimate envelope study from Haman and Wang (2006) is used 
in this thesis as the basis to project future climate variables that may eventually 
affect tree species’ distribution. It is also acknowledged that species plasticity, 
genetic adaptation and capability of migrating to favorable habitats play an essential
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role in determining the success of a particular species in occupying a new 
environment (Haman and Wang 2006).
In an attempt to include future climate changes in land use planning, this 
thesis uses the potential future distribution of BEC zone climates defined in Hamann 
and Wang (2006) as the main surrogate variable to the future landscape condition. 
Even though the use of just one variable does not show the entire extent of 
changes, this was the chosen approach to account for climate changes, making land 
use planning more proactive with regard to the future climate. The assumption is 
that, even if only speculative, the inclusion of projections of eventual vegetation 
change could be helpful in land use decisions. Therefore, the objective of this 
section is to get insights on how projected changes in ecosystem distribution could 
affect land use allocation.
6.2. Methodology
In the previous chapters, the influences of the number and the proportions of 
zones were studied. As previously mentioned, that methodology was a static 
assessment of the current forest state to better visualise the effects of each 
analysed variable. In this chapter, the exercise is more exploratory, relaxing the 
constraint of current tenure boundaries (TFLs).
To explore the effects of including climate change projections on land use 
allocation, two key variables must be defined: the surrogate variable that expresses 
climate change, and the zoning method. Regarding the zoning method, the three 
pre-tested approaches were chosen: triad, four-zone and multi-zone. All three
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zoning methods were used to explore their different responses to hypothesized 
future conditions. Moreover, the selected targeted proportions for each zone 
replicate the scenarios tested in Chapter 4.
Regarding climate change, the projected distribution of BEC zone climates for 
the 2071 to 2100 time period was taken as the main surrogate variable. This 
projection is based on the CGCMIgax model of the Canadian Centre for Climate 
Modeling and Analysis, which implements the IS92a emission scenario for the 
mentioned 30-year period. This future distribution is based on the Hamann and 
Wang (2006) projection of future climatic regimes based on ecosystem-based 
climate envelope modeling. Since climate is the dominant factor that defines BEC 
zones (BC MFR 2012), inferences about tree species’ growth and suitability will be 
made. The emphasis in the arboreal component of the forest is justified by the land- 
use suitability inferences associated with tree species distributions and forest 
composition, including productivity and wildlife suitability.
To incorporate these climate predictions in the zoning process, the 
methodology was divided into three parts: the first one shows the projected future 
distribution of BEC zone climates, examining in detail the zones that are projected to 
be included in the future climate. For the second part, new suitability maps were 
created, taking climate change into account. The third and final part examines the 
characteristics of each zoning approach when climate change variables are 
included.
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6.3. Predicted future distribution of BEC zone climates
Climate is the basis for the biogeoclimatic classification (BC MFR 2012), 
being the dominant factor controlling plant species and ecosystem distribution 
(Williamson 2009, Rose and Burton 2011). Thus, changes in climate may eventually 
induce future changes in plant species distribution. To cartographically display these 
climate projections for the 2071 to 2100 time period in the study area, the work of 
Hamann and Wang (2006) was taken as a base. For the purposes of this chapter, it 
is assumed that mature stands of tree species that currently characterize BEC 
zones will dominate the designated components of the land base, though not 
necessarily before 2100. According to these authors, the projected future distribution 
of climates will be similar to shown in Figure 6.1.
When current and future BEC zone climates are compared (comparison 
between Figures 2.3 and 6.1), several changes can be observed within the study 
area:
a) severe decrease in area characterizing ESSF and Alpine zones;
b) complete exclusion of the current SBS and SBPS climates;
c) expansion of the ICH climate; and
d) inclusion of climates which currently characterize Bunchgrass (BG), Interior 
Douglas fir (IDF), Costal Western Hemlock (CWH) and Ponderosa Pine (PP) 
BEC zones.
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Figure 6.1 -  Projected biogeoclimatic zone climates for the 2071 to 2100 time period 
within the study area (as per Hamann and Wang 2006). BEC zones are: AT, 
Alpine Tundra; ESSF, Engelmann Spruce -  Subalpine fir; IDF, Interior Douglas 
Fir; ICH, Interior Cedar-Hemlock; PP, Ponderosa Pine; CWH, Costal Western 
Hemlock; and BG, Bunchgrass.
The projected changes show that generally the region will become warmer 
and dryer. As a consequence, some changes in BEC zone distribution are likely to 
occur within the study area. As new BEC zones are likely to eventually migrate into 
or develop in the study region, a characterization of these zones follows.
176
a) Interior Douqlas-fir Zone (IDF)
The IDF occurs above and north of the Ponderosa Pine zone, with warm and 
dry summers, a fairly long growing season, and cold winters. The mean annual 
temperature is between 1.6 and 9.5°C, with temperatures below 0°C between 2 to 5 
months. The mean annual precipitation is between 300 and 750 mm of which 50% 
falls as snow (Hope et al. 1991b).
In terms of tree species, the IDF zone is mainly dominated by Douglas-fir, but 
other tree species can be part of the ecosystem on specific site conditions. The 
recurrent presence of fires creates open-canopy pure Douglas-fir stands (due to its 
thick fire-resistant bark) or mixes with lodgepole pine. Lodgepole pine is also 
commonly widespread at higher elevations as a successional species. Very dry 
parts of this zone favour the development of ponderosa pine [Pinus ponderosa 
Douglas ex. C. Lawson] stands as a climax species or as a serai species, being 
eventually replaced by Douglas-fir. Hybrid spruce occurs on moister sites at higher 
elevations. Western redcedar may occur on wetter sites in moister areas transitional 
to the Coastal Western Hemlock or Interior Cedar-Hemlock zones. Trembling aspen 
is also a common successional species, and paper birch occurs in the wettest 
subzones (Hope et at. 1991b).
The wildlife that frequents this zone is abundant, mainly because Douglas-fir 
forests offer canopy protection during winter and because of the relatively short and 
cool winters. Mule deer, white-tailed deer, bighorn sheep, Rocky Mountain elk, and 
non-migratory birds are some examples of animals that winter in this zone. In other 
seasons, the variety of environment types within this zone is inhabited by most of
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the previously mentioned mammals, plus a variety of other animals, such as moose 
and mule deer (as calving areas), coyote, small mammals and snakes (Hope etal. 
1991b).
Cattle grazing, fur harvesting, maintenance of water flow (especially early 
spring run-off), and recreational activities (fishing, hunting, hiking, horseback riding 
and cross-country skiing) are other important values identified in this zone (Hope et 
al. 1991b).
bl Ponderosa Pine Zone (PP)
The PP zone usually falls between the Bunchgrass and the Interior Douglas- 
fir zones. In summer it is the driest and warmest forest zone in the province. The 
mean annual temperature is between 4.8 and 10°C, with 2 to 5 months below 0°C. 
The mean annual precipitation is between 280 and 500 mm, of which 15 to 40% falls 
as snow (Hope et al. 1991a).
This is a zone characterized by the occurrence of fires with forests dominated 
by ponderosa pine [Pinus ponderosa Douglas ex. C.Lawson] but with open 
canopies, being a mix of forest and grassland. Tree species such as Douglas-fir, 
trembling aspen, water birch [Betula occidentalis Hook.], paper birch and 
cottonwood are present in specific conditions within this zone, generally in wetter 
portions of this landscape (Hope etal. 1991a).
Because of its natural spatial proximity and climate similarities with the IDF 
zone, the PP zone is inhabited broadly by the same assemblage of wildlife species 
found in the IDF. The other values (other than logging) developed in this zone
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include cattle grazing, agriculture and recreation activities, similar to those explored 
in the IDF zone (Hope etal. 1991a).
c) Coastal Western Hemlock (CWH)
This is a wet zone typical of a coastal environment, presenting cool summers 
and mild winters. With a mean annual temperature between 5.2 and 10.5°C, it has 4 
to 6  months of the year with temperatures above 10°C. The mean annual 
precipitation is between 1000 and 4400 mm, with 40 to 50% falling as snow (Pojar et 
al. 1991).
In terms of tree species, western hemlock is the most common species. 
Western redcedar is often part of the tree composition along with Douglas-fir in the 
drier parts of the zone. Amabilis fir [Abies amabilis Douglas ex J. Forbes] often 
dominates forests at upper elevations and northern latitudes. Lodgepole pine is 
common on very dry or very wet (bog) sites. Red alder [Alnus rubra Bong.] is a 
widespread species on disturbed sites and black cottonwood occurs only on 
floodplains (Pojar et al. 1991).
This zone supports a great diversity of birds, amphibians, reptiles, and 
mammals -  where black-tailed deer, black bear, grizzly bear, and gray wolf are the 
most common large mammals. Although furbearers are abundant in this zone, fur 
harvesting is generally low (Pojar et al. 1991).
Concerning other important values in these landscapes, the high productivity 
of this ecosystem made forestry the primary use of those forests. Agricultural 
objectives may be suitable to some specific site conditions. Furthermore, these
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lands are also used for recreation activities, including hiking, hunting, fishing, and 
wildlife viewing (Pojar et al. 1991).
d) Bunchgrass Zone (BG)
This zone naturally occurs in association with the Interior Douglas-fir and 
Ponderosa Pine zones, typically establishing where temperatures are too warm and 
moisture is too low for tree growth. The mean annual precipitation is between 200 
and 340 mm of which 20 to 40% falls as snow (Nicholson et al. 1991). With this 
climate pattern, summer droughts are exacerbated by warm temperatures promoting 
the development of graminoid vegetation as a climax species (Nicholson et al.
1991).
This is a very important habitat for several small animals (such as mice, bats, 
toads, swifts, wrens, snakes and salamanders) and large animals (like Rocky 
Mountain elk, California bighorn sheep, mule deer and white-tailed deer). Currently, 
the main threats to this environment are: a) the conversion to agricultural and 
residential developments; and b) cattle overgrazing, that favours the development of 
weedy species at the expense of native ones. This zone is also important for sports, 
hiking and wildlife viewing, mainly because of the warm and dry climate in places 
with water bodies (Nicholson etal. 1991, BC Ministry of Forests 1998c).
6.4. Suitability maps accounting for climate change
In general, the same methodology described in Chapter 3 was employed to 
create the suitability maps for all resource values. The difference, however, is the
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exclusion of some variables to compose the new suitability maps and the adjustment 
of other variables to fit the climate scenario for the 2071 to 2100 time period in the 
study area. The only change that was consistently applied to all suitability maps was 
the inclusion of lands currently designated as TFLs. As these are tenures that have 
a 25 year term, there are no guarantees that they will have the same status in 
several decades. The other procedural changes are described for each resource 
value below, but the detailed description on how to obtain all other variables is found 
in Chapter 3.
a) Timber production
The same four variables used to define the suitability map for current climate 
conditions (i.e., site productivity, distance to closest road, distance to closest urban 
area and slope) were employed to define a future suitability map for timber 
production. The maps for distance to closest urban area and slope were maintained 
as calculated for current climate conditions, as it is assumed that these factors will 
not change significantly for the next several decades.
Adaptations were made for site productivity and distance to closest road -  the 
core changes for the climate change scenario. For distance to closest road, as the 
forest road matrix changes frequently, only highways and major roads were taken 
into consideration. For site productivity, the same basic methodology described in 
Table 3.1 was applied, but using the SI of projected BEC zone climates. Even 
though the climax tree species for the projected BEC zone climates are not likely to 
be in place, the assumption is that the potential productivity will change.
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Furthermore, because the future BEC zone information is refined only to the zonal 
level, only the subzones that are most likely to occur in the region were taken into 
account. For BG zone, only the very dry warm subzone (BGxw) was considered. For 
the CWH, wet precipitation regimes were averaged (CWHwm and CWHws). For 
ESSF and ICH zones, the average value came from currently present subzones 
(ESSFmm, ESSFmv, ESSFwc, ESSFwk, ICHvk and ICHwk). The PP was obtained 
from the dry subzones (PPxh and PPdh) and the IDF from moist and wet subzones 
(IDFmw and IDFww -  wettest subzones that occur in the province).
Following the same procedure employed to create the suitability maps under 
current climate conditions, the adjusted criteria were combined in the MCE module 
of IDRISI® Taiga software, using the weights described in Table 6.1. To maintain 
consistency with the approach taken for current climate conditions, no constraints 
were applied. The result of this combination is the future suitability map for timber 
production, displayed in Figure 6.2.
Table 6.1 -  Attributes and weights used to create the distribution of best areas for 
timber production in a projected future climate scenario for the study region in the 
2071 to 2100 time period.
Variables Partialweight
Combined
weight
Site productivity1 0.30 0.30
Distance to closest highway or major road2 0.30 0.30
Distance to closest urban area9 (current or Small centres 0.10
potential processing centres) Large centre 0.20 0.30
Slopes4 under 50% 0.10 0.10
Total 1.00
The variables were obtained from:1 Biogeoclimatic ecosystem classification;2National road network; 
3Baseline thematic mapping; 4Digital elevation model.
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Figure 6 .2 -  Projected distribution of best potential areas for timber production in the 
study region. The closer to the 255 score (darker tones), the better suited is the 
land to timber production.
As also observed in the allocation of timber management areas for current 
parameters, most of the available landscape would be well suited to this activity. The 
difference from current to future scenarios, however, is the decrease on the total 
number of pixels with timber suitability close to the maximum of 255.
b) Mining, oil and gas development
As the mineral reserves are not likely to change over the next decades and 
the protected areas are likely to continue to be protected, a similar suitability map
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developed under current assumptions was built. In fact, the only difference between 
the map for current assumption and the projection of future assumptions was the 
inclusion of the TFLs in the suitability map for the projected scenario (Figure 6.3).
Figure 6 .3 -  Distribution o f projected potential areas for mining, oil and gas
development in the study region. The closer to the 255 score (darker tones), the 
better suited land is to projected mining, oil and gas development.
c) Agriculture
Although the range of crop types suitable for economic production tends to 
increase with predicted longer growing seasons (Lemmen et al. 2008) and droughts 
are expected to happen more often, the extent and spatial distribution of such 
changes are not currently available. Therefore, the same suitability map for
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agriculture, obtained under current conditions, was taken as the representation of 
future condition. As this map was obtained by the combination of information from 
agriculture land reserves, plant hardiness map and land capability for agriculture, it 
was assumed it could also be used in the projected scenario. The difference, 
however, is the inclusion of the available data within the TFLs boundaries (Figure 
6.4).
Figure 6 .4 -  Projection of preferential areas for agriculture in the study region in the 
2071 to 2100 time period. The closer to the 255 score (darker tones), the better 
suited land is to agriculture.
185
d) Tourism and recreation
The information used to define the suitability map for tourism and recreation 
under current conditions is assumed to represent the future climate condition as 
well. Thus, the suitability map displayed on Figure 6.5 was used as the future 
tourism and recreation suitability map.
Figure 6.5 -  Projection of best potential areas for recreation for the 2071 to 2100 
time period in the study region. The closer to the 255 score (darker tones), the 
better suited land is to recreation.
e) Wildlife habitat
The same concept of umbrella species was adopted in the climate change 
scenario. Therefore, mountain caribou, bear and moose were the chosen species to
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represent the diversity of habitats in the region. All characteristics related to stand 
structure were simplified based on available data regarding the projected vegetation 
state.
For mountain caribou, characteristics corresponded to stand structure were 
withdrawn, leaving only features not portrayed in the current forest inventory. The 
rationale is that it is not possible to know what stand characteristics will be in several 
decades or centuries in the future. Furthermore, as the forest road network is likely 
to change in the next few decades, the future scenario only considers highways and 
major roads. Thus, Table 6.2 displays the variables and respective weights used to 
define the suitability map for mountain caribou in the future condition. The 
procedures to obtain or calculate each of the respective variables followed the same 
guidelines described in Chapter 3. The result of applying this combination is 
displayed in Figure 6 .6 .
Table 6 .2 -  Attributes and weights used to identify the future core habitat distribution 
for mountain caribou in the study region.
Variables* Weight
Distance to highways and major roads1 0.40
Elevation2 between 1500 and 2500m 0.20
Fidelity to home range3 0.20
Preference for slopes2 between 10 and 60% 0.20
Total 1.00
The variables were obtained from:1 National road network;2Digital elevation model;3Caribou herd 
locations.
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Figure 6 .6 -  Future core habitat areas projected for mountain caribou in the study 
region. The closer to the 255 score (darker tones), the better suited is the future 
habitat to mountain caribou.
For bears, the same adaptation was performed: withdrawal of all attributes 
that were related to stand structure. Thus, only three criteria were used to project the 
future bear habitat: road proximity, slope and elevation (Table 6.3). The result of this 
combination is a generic bear habitat inferred for the 2071 to 2100 time period 
(Figure 6.7).
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Table 6 .3 -  Attributes and weights used to project a future core habitat distribution 
for bears in the study region.
Variables* Weight
Distance to highways and major roads1 0.40
Elevations2 under 1900m 0.30
Preference for slopes2 under 60° 0.30
Total 1.00
The variables were obtained from:1National road network; zDigital elevation model.
Figure 6.7 -  Projected future core bear habitat areas in the study region. The closer 
to the 255 score (darker tones), the better suited is the future habitat to bears.
For moose, only the characteristics related to road distances, riparian areas 
and wetlands were maintained (Table 6.4). All stand structure-related information
189
was excluded from the allocation process. The resulting suitability map is displayed 
in Figure 6.8.
Table 6 .4 -  Attributes and weights used to create the projected future core habitat 
distribution for moose in the study region.
Variables* Combinedweight
Distance to highways and major roads1 0.20
Riparian areas2 (30m buffer on each side of all streams order 2 and up) 0.40
Wetlands* (30m buffer around each wetland polygon) 040
Total 1.00
The variables were obtained from:1National road network;2Streams layer; 3Baseline thematic
mapping.
Figure 6 .8 -  Future core habitat areas projected for moose in the study region. The 
closer to the 255 score (darker tones), the better suited is the projected future 
habitat to moose.
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Joining these three suitability maps, adapted to the projected future climate 
condition, the future suitability map for wildlife habitat was created. As performed in 
Chapter 3, the MCE module of the IDRISI® Taiga software was used, with weights 
evenly distributed for the three species groups during the allocation process (1/3 
weight for each suitability map). The result is displayed in Figure 6.9.
Figure 6 .9 -  Future core habitat areas projected for wildlife in the study region 
(defined based on the projected future core habitat for three local umbrella 
species: mountain caribou, bear and moose).
f) Old growth forests
The concept of old growth forest is based on stand age. As a result, an 
assumption must be made for the current forest attributes to infer a future forest
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state. It is acknowledged that over a long period (a few decades for example) losses 
to natural disturbances or log harvesting will happen. Hence, a few adjustments 
were made to define a future map for old-growth forests:
a) If areas were currently identified as old growth, from regulatory and informal 
classification, they received a weight of 10  (out of 1 0 );
b) If they were not classified as old growth but had stand age between 65 and 
175 years (from the VRI layer), the attributed weight was eight (out of 10) as 
they may have old growth traits in 60 to 90 years;
c) If the age of the forest was older than 175 years (also from VRI layer), the 
attributed weight was 10 (out of 10). These forests may be considered old 
growth in 60 to 90 years as well.
The assumptions defined above were combined in the IDRISI® Taiga 
software, leaving the highest pixel value from combined maps. The result was finally 
stretched to byte range (Figure 6.10). As the source used to obtain stand age data in 
the study region was the vegetation resource inventory, the areas within the TFLs 
did not received scores (due to data unavailability).
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Figure 6 .1 0 - Future distribution projected for old-growth areas (regulatory or 
potential) in the study region. The closer to the 255 score (darker tones), the 
greater is the likelihood of a stand having old growth traits.
g) Carbon storage
For carbon storage, the same parameters described for the current condition 
were used. Thus, current stand ages were the surrogate variable for carbon stocks 
and site productivity for carbon sequestration (see Chapter 3 for rationale). For the 
former, stand ages were stretched to byte value, where 0 represents conditions right 
after disturbance (zero years) and 255 represents stands aged 175 years and older 
(as they may be over 250 years in the 2071-2100 time period). For carbon 
sequestration, the projected SI for the 2071-2100 time period was combined with
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slopes, with SI receiving 75% weight while slopes received a 25% weight. As 
described in Chapter 3, slopes are included in the projection of sites that may 
contribute to carbon sequestration because carbon sequestration is proportional to 
site productivity and productivity is influenced by slopes. Thus, more productive sites 
have greater total ecosystem carbon stored than poor sites. The final combination of 
carbon stocks and potential for carbon sequestration followed a 60 to 40% ratio, 
respectively (Figure 6.11). As a remark, the scores obtained for the pixels within the 
TFLs may be refined if stand age data is availability.
Figure 6.11 -  Future distribution of areas projected to make a greater contribution to 
carbon storage in the study region. The closer to the 255 score (darker tones), the 
greater is the likelihood of a stand having high future contribution to carbon 
storage.
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h) Wilderness
The suitability map created to represent best places for wilderness under 
current climate conditions takes remoteness and landscape intactness as a base. 
Considering that it is impossible to forecast landscape intactness for the 2071 to 
2 1 0 0  time period, the suitability map for the future condition takes into account only 
distances from urban centres and major roads. The procedure to obtain these 
distances followed the same steps described in Chapter 3 (item 3.2.8) and the result 
is presented on Figure 6.12.
Figure 6 .1 2 - Future distribution of areas projected to have greater suitability as 
wilderness in the study region. The closer to the 255 score (darker tones), the 
better suited is the land as wilderness in the future condition.
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6.5. Allocation following the triad system
The first step was to compose the suitability maps for each of the triad zones. 
For conservation, the same resource values and weights used for the current 
climate condition were adopted (Table 4.1). The difference, in this case, is that the 
lands currently assigned by legislation as parks and protected areas were not super­
imposed on the projected suitability map for conservation (Figure 6.13). This 
methodological difference is intended to better understand where the allocation 
algorithm assigns these lands when they do not receive the highest suitability score 
in the suitability map.
Figure 6 .1 3 - Future suitability map projected for the conservation category, under 
the triad approach. The closer to the 255 score (darker tones), the better suited is 
the land to conservation.
The timber management zone used the future suitability map for timber 
production as the only variable, being identical to Figure 6.2. For the EBM category, 
parameters were combined following the same proportions and weights established 
for current climate conditions (Table 4.2). The result of this combination is presented 
in Figure 6.14.
Figure 6 .1 4 - Future suitability map projecting suitability for ecosystem based 
management under the triad approach. The closer to the 255 score (darker 
tones), the better suited is the land to ecosystem based management.
With the projected suitability map defined for each zone (i.e., one for 
conservation, one for timber management and one for EBM), the next step was to 
combine them following pre-determined proportions amongst categories. Thus, the 
same proportions defined for the base-case scenario in Chapter 4 were used: 20%
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conservation, 25% timber management and 55% EBM. This allocation was 
performed using the MOLA module in the IDRISI® Taiga software, using the same 
weight to all images.
As performed under current climate conditions, some cluster size restrictions 
were applied to the resulting pixel-based map. Small polygon clusters were excluded 
from the conservation and timber management zones (clusters smaller than 85 ha 
for conservation and smaller than 60 ha for timber) and the EBM zone was obtained 
by the exclusion of the two other categories. As a result, 19.0% of the total study 
area was allocated for conservation, 24.4% for timber management and the 
remaining 56.6% for the EBM category (Figure 6.15).
In a comparison with the triad allocation under current climate conditions, the 
scenario accounting for climate change presented allocation differences. First, the 
majority of conservation areas were allocated in the mountains, in remote places 
and in lands currently assigned for parks. An improvement in connectivity for 
conservation areas was also observed under the projected scenario. Second, the 
areas allocated for timber management moved northwards. In fact, the northern 
limit distribution did not change, but the concentration of lands designated to timber 
increased in the northern portion of this distribution. As the suitability map for 
conservation did not prioritize lands currently designated as parks and protected 
areas, during the allocation process some parks close to Prince George were 
assigned to timber. If this zoning exercise were to be pursued, adjustments could be 
performed to reincorporate these lands to conservation. On the EBM zone, the 
allocation differences were observed in places currently assigned for parks and
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TFLs, due to the non-restriction of these areas to a specific zone. For a better 
visualization of the described allocation differences, the Figure 6.16 compares the 
allocation of each zone under current and projected assumptions.
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Figure 6 .1 5 - Allocation of triad zones, under the base-case scenario, with climate 
change projections and assumptions included.
To expand the comparison between current and projected allocation of triad 
zones, the concept of temporal or persistent climate corridors was applied. This 
concept was originally developed for conservation purposes to identify candidate
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areas that have good prospects for relatively persistent climate over time (Rose and 
Burton 2009). In this thesis, however, the concept is used to identify areas where the 
same zone was allocated under current and projected climate scenarios. These 
persistent corridors are shown in Figure 6.16 divided by zone. Under the triad 
approach, most of the study area presented a coincident zone allocation between 
the current climate scenario and the projected scenario.
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Figure 6 .1 6 - Comparison between the allocation of triad zones, under the current 
and projected scenarios. The green pixels in the projected scenario correspond to 
persistent climate corridors (areas with coincident zone allocation between 
current and projected scenarios). Hashed areas represent lands currently 
assigned as TFLs.
If the land’s natural suitability for each scenario is evaluated (as assessed in 
section 5.7 of Chapter 5), the projected scenario presents remarkable differences
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(Figure 6.17). Compared to Figure 5.13, the future land’s natural suitability map 
presented differs in area proportion and consequently in the allocation of each zone. 
Regarding proportion, the conservation and EBM zones were increased to 38.9% 
and 21.2%, respectively. As a result, the timber management zone decreased to 
39.9% of the total available area. These zone proportions are more balanced than 
the results obtained under the current scenario, where the timber management zone 
was allocated in over 60% of the total area.
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Figure 6 .1 7 - Land’s natural suitability, under the triad approach, in the projected 
scenario.
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The other important difference in the land’s natural suitability scenario is the 
shift in allocation for the three zones. The areas allocated for conservation under the 
projected scenario presented a range expansion northwards and in the periphery of 
the study area. These areas were allocated in almost all mountainous terrain in the 
northern section of the study area, creating better overall connectivity. As the timber 
management zone reduced its share of the land base, its projected allocation was 
still centred in Prince George City, but more confined to shorter distances from the 
City. Furthermore, the areas currently assigned as TFLs were also allocated for 
timber management. This was an expected end result because, in the suitability 
maps for EBM and conservation, the areas currently assigned as TFLs received low 
suitability scores (due to the lack of specific data). The EBM zone, conversely, that 
under the current scenario was mainly allocated in the valleys, presented a 
distribution in the transition of conservation and timber zones. In addition, EBM 
polygon clusters were formed in the northwestern and southeastern parts of the 
study area.
The persistent corridor analysis (Figure 6.18) showed an overall great 
proportion of polygons that were coincidently allocated under the current and the 
projected scenarios. In general, peripheral areas were still allocated for 
conservation, where areas closer to the city were allocated for timber management.
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Figure 6 .1 8 - Comparison between the lands natural suitability under the current 
and projected scenarios of triad categories. The green pixels in the projected 
scenario correspond to persistent climate corridors (areas with coincident zone 
allocation between current and projected scenarios). Hashed areas represent 
lands currently assigned as TFLs.
6.6. Allocation following the four-zone system
The first stage on the four-zone approach was the creation of the suitability 
maps for each zone. This combination followed the same guidelines described in 
Chapter 4 (item 4.2.2), defining the proportion for each of the resource values 
considered. For timber management, the only value used was the future suitability 
for timber production (Figure 6.2). As climate change considerations could not be 
applied to all values, the suitability map of intensive development did not change. As
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performed under current climate assumptions, the values agriculture and mining, oil 
and gas development were combined, attributing the same weight for the two 
images. The result of this process is presented in Figure 6.19.
Figure 6 .1 9 - Projected suitability map for the intensive development zone in the 
study region. The closer to the 255 score (darker tones), the better suited the land 
is to this zone.
The CLM zone grouped the resource values tourism and recreation, wildlife 
habitat and carbon storage, attributing the same weight of 1/3 to each resource 
value. The suitability map, portraying the end result of this process, is presented in 
Figure 6.20.
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Figure 6.20 -  Future suitability map for the CLM zone in the study region. The closer 
to the 255 score (darker tones), the better suited the land is to this zone.
The exclusive conservation zone combined the resource values wilderness 
and old-growth forests, both adjusted to the projected condition. These resource 
values were combined using the same weight for each one. The result of this 
combination is displayed in Figure 6.21.
Figure 6.21 -  Future suitability map for the exclusive conservation zone in the study 
region. The closer to the 255 score (darker tones), the better suited the land is to 
this zone.
The suitability maps created for each zone under the four-zone approach 
were combined using the MOLA module in the IDRISI® Taiga software using the 
following proportions: 25% timber management, 20% intensive development, 35% 
CLM and 20% exclusive conservation. To facilitate comparisons with the allocation 
under the current scenario, some adjustments were performed:
a) timber polygon clusters smaller than 60 ha were excluded;
b) due to the intense fragmentation of exclusive conservation polygons, an 
aggregation was performed before the exclusion procedure. In this case,
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polygons that were less than 300m apart were aggregated, followed by the 
exclusion of polygons smaller than 85 ha;
c) no cluster size restrictions were applied to the intensive development zone; and
d) the CLM zone was obtained by the exclusion of the other categories.
As a result, 24.6% of the study area was allocated for timber management, 
20.0% for intensive development, 34.3% for CLM and 21.1% for exclusive 
conservation (Figure 6.22).
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Figure 6.22 -  Allocation of zones under the four-zone approach considering climate 
change assumptions.
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The allocation comparison between current and future scenarios under the 
four-zone approach showed a few differences (comparison between Figures 4.16 
and 6.22). The timber management category did not change its northern limit 
distribution, but increased its concentration north of Prince George City. This 
difference may be attributed to the projected changes in BEC zone climates, 
increasing potential tree growth northwards. The projected allocation of timber areas 
also allowed the formation of large gaps between timber polygon clusters.
In the intensive development zone, changes were observed with the increase 
in allocation of polygons in the southern portion of the study area, following Highway 
97 south. It was also observed a more intense allocation of lands for this zone 
northeast of Prince George, where a Tree Farm Licence agreement (TFL) is 
currently in place. These differences may be attributed to the shift northwards in 
timber areas, coupled with the availability for other uses of lands currently assigned 
as TFLs. Despite these changes, intensive development areas maintained a good 
permeation among timber management polygon clusters.
Following the same trend observed for current climate conditions, the CLM is 
still the most distributed zone over the landscape, modestly permeating the timber­
intensive development block. The allocation changes were observed in two ways: 
the trade between CLM and conservation areas (when current and projected 
scenarios are compared) and the increased amount of large CLM clusters on 
specific parts of the study area. These changes were mainly triggered by the non­
association of lands currently assigned as parks with conservation areas. Thus, due 
to the significance of parks for recreational purposes, several CLM polygon clusters
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were allocated for the CLM zone, changing the allocation pattern observed under 
the current scenario.
Under the projected scenario, the allocation of conservation areas received 
greater influence of the wilderness value. As a result, polygons distant from Prince 
George were prioritized for conservation, better representing the diversity of natural 
conditions found in the periphery of the study area. These polygons were more 
clustered in some specific parts of the landscape, reducing their occurrence in the 
mountains and areas currently assigned as parks. In this case, the non-obligatory 
inclusion of parks as conservation areas created a different prioritization in the 
allocation. However, it seems that the non-association of lands currently assigned as 
TFLs with timber purposes did not influence the allocation of polygons for the 
conservation zone.
The persistent climate corridor analysis (Figure 6.23) showed that, for all 
zones, there are several polygons clusters commonly assigned under current and 
projected climate scenarios. The proportion of these coincident areas, however, is 
smaller than the proportion of coincident areas observed under the triad approach.
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Figure 6.23 -  Comparison between the allocation of current and projected scenarios under the 4 zone approach. The 
green pixels in the projected scenario correspond to persistent climate corridors (areas with coincident zone allocation 
between current and projected scenarios). Hashed areas represent lands currently assigned as TFLs.
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Overall, the four-zone approach showed more differences between current 
and projected scenarios than the triad approach. Timber-oriented areas were moved 
northwards and agricultural zones became more concentrated in the south. As 
timber can be managed quite successfully over most of the study area, the 
prioritization of specific areas comes down to management practices, such as 
species selection (Lemmen et al. 2008). In this case, enhanced agriculture 
development could be strategic, as the range of crop types suitable for economic 
production will increase due to expected longer growing seasons and milder winters 
in the study area (Lemmen et al. 2008). Moreover, under this scenario, lands 
currently assigned as parks were mostly allocated for the CLM zone and 
conservation areas better represented the variety of landscape conditions found in 
the study area.
6.7. Allocation following the multi-zone system
Under this method resource values were not grouped, leaving in total seven 
zones: timber production; agriculture; tourism and recreation; wildlife habitat; old 
growth forests; carbon storage; and wilderness. As also established for the current 
climate, the resource value mining, oil and gas development was not used for this 
allocation method (see section 4.2.3 for rationale). The proportional target area 
distribution among zones also followed that defined for current conditions (Table 
4.4), using the MOLA module in the IDRISI® Taiga software as the combination tool.
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As applied to the multiple-zone approach for current climate conditions, the 
resulting map was not subject to cluster size restrictions. The result of this allocation 
process is displayed in Figure 6.24.
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Figure 6.24 -  Allocation of categories under the multi-zone approach including 
climate change assumptions.
The comparison between the allocation of zones under current and future 
climate scenarios presented pronounced differences (comparison between Figures 
4.20 and 6.24). Despite presenting approximately the same northern limit in both 
scenarios, timber management areas formed larger polygon clusters. These larger
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blocks became more concentrated around Prince George City and moved 
northwards. The zone devoted to agriculture still permeated the timber management 
zone, but with large arm-like extensions south and east of the City, following 
Highway 97 south and Highway 16 east, respectively. These areas also became 
organized in more defined clusters.
For the tourism and recreation category, polygon clusters located in current 
parks and protected areas basically kept the same overall distribution. The major 
difference was observed on the northern section of the study area. In this region 
there was a heavy selection of stands for tourism and recreation in a more 
contiguous block.
The polygons allocated for carbon storage formed a large block south-east of 
Prince George City and a few small clusters elsewhere. This large block covers 
most of the mountainous terrain in the southern part of the study area. Under the 
current scenario, polygon clusters for recreation and carbon storage were well 
distributed across the study area. Under the projected scenario, however, there was 
a clear polarization: recreation was more concentrated northwards and carbon 
storage southwards.
The wildlife habitat zone became much more concentrated in the eastern side 
of the region, leaving a few blocks of scattered polygons in other landscapes. This 
distribution is more favourable to form good wildlife habitat reserves than the 
allocation under current parameters: there is more connectivity in some parts of the 
region and large groups of polygons were closer where clusters are isolated.
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For the old growth category, the majority of lands allocated for this purpose 
was located in the northeast part of the study area. In addition to the more 
concentrated allocation in a specific part of the region, this zone was organized in 
larger blocks (when compared with the scenario under current climate assumptions). 
In this case, the connectivity among polygon clusters prioritized for old growth was 
favoured.
Lastly, the selection of lands for wilderness was mainly driven by the distance 
to a permanent human-made feature, such as major roads and cities. As a result, 
the allocation of these lands shifted to the east, west and south borders of the study 
area. This significant change is attributed to the lack of some kind of forest integrity 
variable when composing the projected suitability map for wilderness.
When the concept of persistent climate corridors is applied to the multiple- 
zone approach, the difference in the proportion of persistent climate corridors from 
the triad approach is noticeable (Figure 6.25). For the multiple zone approach, the 
proportion of polygons assigned in both current and projected scenarios is much 
smaller than the proportion observed under the triad approach (zones were 
combined in the multiple-zone approach to allow comparisons with the triad). This 
low correspondence between current and projected scenarios may be in part 
attributed to one methodological change: TFLs were obligatorily allocated as a 
special type of timber management area under the current climate scenario; under 
the projected climate scenarios, these TFLs were not attached to any particular 
zone. This change, however, explains only part of the differences between 
scenarios. The remaining difference is attributed to the zoning approach. In fact, the
214
allocation of individual suitability maps, followed by a posteriori combination of zones 
for display (as performed under the multiple-zone approach), enhance differences. 
When suitability maps are combined previously to the allocation process (as 
performed under the triad approach), differences become less evident.
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Figure 6.25 -  Comparison between the allocation o f current and projected scenarios 
under the multiple-zone approach. The green pixels in the projected scenario 
correspond to persistent climate corridors (areas with coincident zone allocation 
between current and projected scenarios). Hashed areas represent lands 
currently assigned as TFLs.
Overall, the multiple-zone approach showed more explicitly the changes of 
each specific value when climate change assumptions were considered. This 
approach showed that climate change may affect each zone differently. For some 
zones, such as timber management and agriculture, the projected scenario
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moderately changed the allocation pattern. For zones like tourism and recreation, 
carbon storage, wildlife habitat, old-growth forests and wilderness, the changes in 
the allocation pattern were more evident. The magnitude of these alterations was 
proportional to the changes made in the projected suitability maps.
6.8. Conclusions
Computational models (Hamann and Wang 2006) forecast important changes 
in climatic zones over the next few decades. In general, the weather in the study 
area is expected to become warmer and dryer, eventually favoring changes in 
arboreal composition. These changes will also affect the wildlife component on 
these environments. In this sense, the planning process fo r land allocation should be 
proactive, trying to incorporate possible changes in the landscape as a result of 
climate change.
Regarding potential BEC zone ranges, they may move northwards and 
upwards in elevation (Lemmen et al. 2008). Thus, some of the current BEC zones 
may decrease in size or may be totally excluded; some may expand their range; and 
others, currently not present in the study area, may be likely to occur (Hamann and 
Wang 2006). These changes can affect the future land suitability for several 
considered forest values.
When land use zones updated for a projected climate change were combined 
under the triad approach, only modest differences were observed. The fairly small 
rearrangement northwards of timber management areas is attributed to changes in 
tree growth potential (Seppala 2009). There was also an improvement in
connectivity amongst conservation areas (visual comparison only), generating a 
potential improvement in habitat quality. These differences, despite being small, 
have potential to improve the overall allocation.
If the same projected suitability maps are combined under the four-zone 
method, changes are more evident, shifting priorities over the landscape: timber- 
related areas also had a shift northwards; lands for agriculture became more 
concentrated in the south; and there was a decrease in connectivity for 
conservation. Despite this decrease, conservation areas better represented the 
variety of landscape conditions found in the region.
When the multiple-zone system was the base to combine projected suitability 
maps, changes in all zones were more explicit. Despite the more evident changes in 
allocation, this approach seems to give more artificial results. This belief is based on 
the perception that the changes in allocation do not have a clear correlation with 
geographic or other considered features (as observed in the other approaches). This 
result shows, in fact, the lack of components and component details in the initial 
suitability maps. Thus, it may be inferred that the allocation process can give 
solutions to any proposed zone combination, but the results will be as good as the 
initial suitability maps are. An initial suitability map may be considered good if 
multiple indicators for that specific forest value were used during its compilation 
process. To use a zoning approach based on multiple values, each individual 
suitability map must be rich in details and bring multiple component details. If only 
basic suitability maps are possible to be built, a zoning approach based on fewer 
categories may result in more reasonable results.
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As observed in the simulations, climate change projections can be 
incorporated into management plans to give insights into how to act proactively to 
obtain a more resilient zoning plan. The clarity of the results changes according to 
the zoning method employed. If the zoning strategy has a small number of 
categories, such as in the triad strategy, nuances in the outcomes may overshadow 
concrete differences, making proactive solutions difficult to devise. If the number of 
zones is increased, tendencies become more apparent and clear, facilitating the 
next stages of the planning process. If the number of zones is too large, the initial 
suitability maps must be really well built (multiple in indicators or rich in component 
details for each considered forest value) to show differences related to land features. 
Furthermore, the persistent zone suitability analysis seems to be an interesting tool 
to indicate where investments would be more guaranteed in a reality of climate 
change.
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7 . OVERALL CONCLUSIONS AND RECOMMENDATIONS
In this section, remarks based on the development of this work are brought 
together and consider the implications of different zoning approaches in the study 
area. The remarks are divided into three parts: conclusions regarding methodology; 
conclusions regarding results; and recommendations. These comments are based 
on issues discussed in previous chapters, as well as related aspects not yet 
considered.
7.1. Conclusions regarding methodology
The primary observation is that any change in the zoning process will affect 
the final zoning output. This information becomes easier to comprehend when the 
zoning process is dissected. Thus, this explanation is divided it in two parts: a) initial 
assumptions; and b) modeling process.
7.1.1. Initial assumptions
The initial assumptions are extremely important in any type of modeling,
independent of the modeling tool(s) used. As highlighted by Bettinger (2001),
relatively minor alterations in assumptions and data can directly affect any modeling
effort. There is an immensity of forest values, and their classification depends upon
the author. In general, they are divided into the following groups: physical, biological,
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economic, social and cultural. Examples of values within these groups include water 
availability, vegetation and wildlife assemblages, timber production, recreational 
opportunities, etc. When planning land use, the ideal is to consider the greatest 
possible number of forest values to define the basic assumptions. The problem is 
that some forest values are difficult to quantify (and even to qualify), and their 
importance varies among communities. In this case, discussions with specialists and 
involved stakeholders are necessary to capture as many aspects and dimensions of 
each forest value as possible.
In this work, not all forest values were considered. In fact, to capture the 
differences related to the choice of the zoning method, this work only considered 
some dimensions of some resource values. To clarify this statement, economic 
values are taken as an example. In this work the number of jobs by sector and the 
average income associated with these jobs were the surrogate variables to define 
the regional economic profile. Although these figures are very important to 
characterize the economy of a specific region, they do not cover all economic 
dimensions. In this case, population growth, development of new technologies, 
strategic economic plans and other related issues were not included in the analyses. 
If included, they would refine how the economy may shape the future regional profile 
and consequently change the initial assumptions. The same idea can be applied to 
all other forest related values. The more completely characterized a resource value 
is, the more robust the results will be.
The effort to consider as many aspects of an issue as possible is very 
important to minimize uncertainties. In this case, minimizing errors relative to known
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variables leaves the unknown as the main source of deviations. As stated by 
Schoemaker (1995), even if we try to cover all facets of assumptions, “there are still 
many things we don't know we don't know”, many times leading to biases in 
planning processes.
7.1.2. Modeling process
The established modeling methodology consists of the creation of suitability 
maps for considered forest values, followed by the double combination or 
arrangement of such maps: one to create the zones and the other to combine them.
a) Creation of suitability maps
This is the combination of initial assumptions related to one forest value. 
Taking the resource value tourism and recreation as an example, it was assumed 
that lands currently designated as active recreational sites, recreational scenic areas 
and government classifications of potential for recreation would represent the basic 
criteria by which to create a suitability map for this forest value. Thus, a combination 
was performed, attributing specific weights to each of these criteria to create the 
suitability map for tourism and recreation. If new assumptions are added or if 
weights are changed, the suitability map changes its configuration. In fact, this is the 
stage where all considerations regarding tourism and recreation should be 
incorporated. The more dimensions created for each assumption, the more robust 
the final suitability map will be.
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The described example illustrates how flexible and at the same time sensitive 
to changes the first part of the used methodology is. In this work, the attempt was to 
balance information availability and information representativeness to define each 
resource value. Only publicly available information was collected, with no direct 
inquires directed at involved stakeholders. Secondly, due to personal expertise 
limitation in several subjects, such as mining, agriculture, or even wildlife habitat, I 
tried to use the most representative information on each subject. Thus, my intent 
was to select a few basic pieces of information to conceptually represent the basis of 
a resource value, allowing inferences for the zoning exercise itself. In a real world 
land use plan, specialists would be available and stakeholders would be consulted, 
making the suitability maps much more detailed and representative for the value.
b) Creation of zones
The second part of the modeling process is the combination of forest values 
to define a land use category or zone. This phase consists of taking the suitability 
maps previously defined for each resource value and combining them using a 
weighting scheme. The role of weights in this process is crucial because it makes 
possible the prioritization of one or more values in the resulting zone map. This 
flexibility enables the imprint of a strategic vision to a zone. For example, to build a 
robust conservation zone, human-disturbed areas must be avoided: a heavier 
weight should be placed on areas highly suitable for wilderness. If, instead, the 
conservation zone must have good attributes for wildlife habitat, then extra weight 
should be placed on areas highly suitable for wildlife habitat.
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In this work, zones were built with multiple intentions: first, they should 
represent the basic attributes that define a specific zone; second, they should 
enable comparisons among approaches; and third, they should incorporate 
hypothesized future climate conditions. For all three points, zones were built 
avoiding the emphasis in any particular forest value, creating as much as possible 
neutral scenarios.
The possibility of balancing attributes that may be important now or in the 
future, when well rationalized, serves as a powerful resource in the decision making 
process. One example is the creation of a zoning system prepared for climate 
change. In this case, zones could be built representing current and projected climate 
conditions. Based on the differences between these two scenarios, trends could be 
projected to strategize the development of a robust or resilient zone. This is where 
the persistent climate corridor analysis may be useful.
c) Combination of zones (zone allocation)
The final part of the modeling process is the allocation of zones. In this phase 
zone maps are combined following a pre-established area proportion. If zone maps 
are well built, including as many details as possible, the combination is a simple 
process: select the zones to be allocated, setting a target area and a weight for each 
zone. The target area is the desired proportion of each zone in the allocation 
process. The weight, the basis for achieving a compromised zoning solution, is set 
to decide conflicting claims for the same pixel. If there are conflicting claims, one 
zone must always win (e.g., in the triad approach, the extra weight can be placed on
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the EBM zone, avoiding setting conflicting pixels to specialized categories), making 
this tool very useful.
7.2. Conclusions regarding results
The results from simulations in this work showed that the zoning approach, as 
well as the initial area proportions among categories and climate change 
assumptions, had a remarkable influence in the final zoning results. To specify the 
extent of such influence, conclusions about each of these variables are drawn 
separately.
7.2.1. Zoning approach
The general observation is that the greater the number of categories, the 
more distributed they were across the landscape. Among tested approaches, the 
multiple-zone was the zoning system with more distributed polygons patches across 
the landscape, better representing the variety of landscape conditions found in the 
study area. The downside is that these benefits increase fragmentation. The three- 
zone method, on the other hand, concentrated zones over certain parts of the study 
area, not well representing the multitude of conditions found across the landscape. 
The advantage in this case is the smaller fragmentation created. In general, there 
are many reasons why a middle point between these two poles should be reached. 
For timber management, if these areas are spread out, risks of stands being 
affected by a single disturbance would be lower but costs associated with 
development, maintenance, harvesting and transportation would be higher. Within
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the tested scenarios, the balance among land representativeness, costs and risks of 
losses by a single large-scale disturbance seem to be reached using the four-zone 
method. Despite not tested, it seems that a five-zone scenario could also give 
interesting results.
For conservation-related zones, the balance must be found among block size, 
connectivity and representativeness of the conditions found in the landscape. Here, 
as fragmentation is an issue, large blocks are welcome, especially if they are 
interconnected (St-Laurent etal. 2006). Among the tested scenarios, it seems the 
four-zone approach is better at balancing the targeted attributes. The triad and the 
multiple-zone approaches seemed not to give the specificities required by some 
resource values as well as the four zone did. If the objective is to use the tested 
methodology to implement a three zone approach in a land base that have similar 
characteristics of the study region, it is suggested to use the four- or even a five- 
zone approach followed by a posteriori amalgamation of related zones. This way, 
the organization of blocks would be less concentrated, representativeness would be 
greater and polygon clusters would be more connected. Experimentation in a land 
base with very different characteristics to the ones found in the tested area would 
enlighten if a four- or five-zone-based approach could also produce more balanced 
outputs than other approaches.
7.2.2. Initial area proportion among categories
As expected, increasing the target area of a specific category results in its 
greater distribution over the region and better representation of the variety of
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landscapes found in the study area. During the combination process, the software 
initially saturates the non-conflicting regions (areas that are highly suitable to only 
one zone). If the proportion of areas highly suitable to more than one zone is low, 
the increase in a specialized category’s share happens in a predictable way, as 
displayed on the suitability maps of each zone. If this overlapping proportion is high, 
however, it becomes very difficult to predict where each zone would be better 
allocated. In cases where there is a coincidence of regions with high suitability 
scores for several resource values, the presented methodology facilitates zone 
allocation following specified goals and constraints.
There is no optimum area proportion of each category. As previously stated, 
this proportion is driven by desired values from stakeholders (Montigny and 
MacLean 2006). The results of tested scenarios, however, show that some 
generalizations may be made. Based on the parameters established for this 
exercise, the increase in the proportion of timber oriented areas intensifies the 
selection of productive areas located close to large processing centers -  for the 
study area, near Prince George City. For conservation, conversely, the increase in 
its proportion intensifies the allocation of lands to this zone in environments that are 
more pristine and have a high value for wildlife habitat -  for this area, it was mainly 
centered on mountainous terrain. Due to the land base configuration, the 
optimization for the l/E ratio values was obtained when 33% of the study area was 
selected for conservation. It is very likely that other regions may not achieve the 
highest l/E ratio when 33% of the land base is allocated for conservation. The 
optimum ratio is case specific, depending on the landscape configuration. When a
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large part of the region is allocated for the EBM zone, the adopted zoning process 
selects polygons that are not best fit for timber management nor for conservation -  
for the study area, these are the lands not too close to Prince George, nor too close 
to the mountains.
7.2.3. Zoning and climate change
Overall, climate change projections can be incorporated into management 
plans to give insights on how to act proactively. Even if just speculative, the inclusion 
of projected climate envelopes in the zoning process showed differences in zone 
allocation. The magnitude of the differences depended on the zoning approach 
undertaken. Under the triad system, only minor changes were observed between 
current and projected scenarios. When the four-zone system was tested, tendencies 
became more evident, demonstrating a more apparent association with geographic 
features. I believe this positive response in the allocation is the combination of a 
zoning approach with an adequate number of zones and suitability maps with a 
moderate level of component details. In the multi-zone approach, all zones showed 
allocation changes. These changes, however, were not positively correlated with 
geographic features or with expected shifts northwards or southward for some zones 
due to climate change. In this case, too many zones were allocated using suitability 
maps not rich in component details, resulting in a weak allocation result.
Furthermore, considering the current climate change reality, the concept of a 
persistent zone suitability may be used to guide investments in more climate robust
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zones. If applied with good reasoning, persistent zones suitability may help to act 
proactively when building land use plans.
7.3. Recommendations
Although that the combination of tools used in this work may not be the most 
elegant or satisfactory way (for some specialists) of zoning an area, it has helped 
identify some of the main effects of different zoning approaches on a specific land 
base. It is also known that computer models cannot incorporate all social, cultural 
and economic factors relevant to management decisions. They are a simplification 
of the real world designed to provide insights into potential impacts of different 
resource-use assumptions and actions (BC MFML 2011). Thus, results from 
computer simulations should not be taken as literal best solutions, but as facilitators 
of the planning process.
Considering the choice of key pieces of information and how they were used 
or combined, results showed two important points: a) there is an influence of the 
zoning method selected in the final results; and b) climate change assumptions can 
be incorporated into land use plans. Both points should be incorporated in land use 
planning in order to create plans that are methodologically transparent and at the 
same time robust.
Overall, there are two possible ways to perform forest zone allocation: a) 
allocating one zone at a time; or b) allocating zones simultaneously. The former 
option implies that the zone first allocated is the most important. The assumption
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that one zone is more important than others is complicated and stakeholder specific. 
Thus, to avoid prioritizing one zone over the others, I recommend performing zone 
allocations simultaneously and not one zone at a time. When many areas could be 
highly suitable to more than one zone, the simultaneous allocation procedure forces 
tradeoffs and facilitates the achievement of compromised solutions.
If the methodology adopted in this work is to be applied in real zoning plans, I 
would recommend the following steps:
a) Define which forest values should be considered in the planning process. The 
goal is to determine resource values that should be treated separately and 
are not strongly correlated;
b) Delimit the factors, considerations and indicators that collectively help define 
each resource value. The objective is to include the maximum number of 
component details for each resource value in order to create a robust 
suitability map. This is the stage where the significance and accuracy of such 
suitability maps should be discussed with specialists and stakeholders. At this 
phase, suitability maps can be built based on any scenario: short term, mid­
term or even long-term where climate change assumptions are included;
c) Propose a balance of land use proportions and combine them. A proposition 
that takes into account the desire of multiple stakeholders and the community 
should be the starting point. If several zones are combined, an amalgamation 
of related zones could be performed at this point. As a sensitivity analysis, the 
obtained proportions should be increased and decreased to demonstrate how
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these changes could affect the allocation of each zone. This is where new 
input from specialists and stakeholders should be incorporated;
d) Analysts should examine some specific features in these scenarios. For 
timber management, the geographic distribution of such areas, summed to 
the general fitness of a scenario for timer management (e.g., taking the 
timber index as a parameter), the area range of polygon clusters, the stand 
age profile and the site index profile may give a good indication of how 
appropriate the proposed allocation is. A further analysis of a selected 
scenario could also be performed to evaluate its contribution to timber supply. 
For conservation areas, the geographic distribution, associated with the 
interior to edge ratio of polygon clusters, stand age and site index profile may 
also work as indicators of a robust allocation proposition.
e) If results do not satisfy involved stakeholders, adjustments in the weight of 
each zone could be performed and the combination processed again. In this 
case, the same parameters should be analysed until a satisfactory solution is 
obtained, followed by the validation of such scenario by stakeholders.
If the above is followed as described, the decision process would: a) involve 
representatives of government, specialists, resource stakeholders and public; b) be 
based on a flexible and transparent framework; and c) result in spatially explicit 
allocation maps easy to visualize and to discuss.
Based on the parameters analysed and approaches tested, it seems the four- 
zone approach is better at balancing block size, fragmentation and land base 
representativeness for the study area. It is believed this was the appropriate
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combination of number of zones and the level of component details aggregated in 
the suitability maps. If less than four zones are allocated simultaneously, it is likely 
that zones will be allocated in more concentrated parts of the landscape, reducing 
the representativeness of the diversity of landscapes found in the study area. If more 
than five zones are allocated, however, suitability maps must be rich in component 
details to give satisfactory results. In this case, refinements would also be necessary 
to eliminate the excessive fragmentation that would be created.
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APPENDIX I -  GIS COMPONENT EXTENDED
DATA SOURCE
The names and descriptions that follow were transcribed as they were found 
in the data sources. The intention was to specify the type of data obtained and the 
date they were downloaded. Although this is an important point of reference, the 
description of how this information is used may be found in the definition of values 
on Chapter 3.
From GeoBase (Canadian Council of Geomatics website for GIS information - 
<http://www.oeobase.ca/>)
GIS layer Retrieved on
Digital elevation model (DEM)
The Canadian Digital Elevation Data (CDED) consists of an 
ordered array of ground elevations at regularly spaced 
intervals. The source digital data for CDED at scales of 
1:50,000 and 1:250,000 is extracted from the hypsographic 
and hydrographic elements of the National Topographic Data 
Base (NTDB) or various scaled positional data acquired from 
the provinces and territories.
May 2010
National road network
It contains the representation of a continuous accurate 
centerline for all non-restricted use roads in Canada (5 
meters or more in width, drivable and no barriers denying 
access) to which will be added a set of basic attributes, street 
name, place name and block face address ranges.
May 2009
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From GeoBC (provincial government website for GIS information - 
<http://aeobc.qov.bc.ca/>)
GIS layer Retrieved on
Biogeoclimatic ecosystem classification (BEC zone)
This is the approved corporate provincial digital 
Biogeoclimatic Ecosystem Classification (BEC) 
Zone/Subzone/Variant/Phase map (version 7, March 31, 
2008). This is the LRDW version of BEC.
June 2009
Forest tenure roads
Discontiguous segments of as-built roads reported by forest 
licensees as per requirements in sections 86(2) and 86(4) of 
the Forest Planning and Practices Regulation until March 31, 
2008, when this requirement was discontinued by Order in 
Council.
June 2009
Baseline thematic mapping
Polygons containing the date of capture of the Landsat 
images used to create the first version of the Baseline 
Thematic Mapping v1 (BTM1). This layer is only meaningful 
in conjunction with the satellite images or the BTM data 
derived from the satellite images. The images were captured 
from 1990 to 1997.
June 2009
Parks, ecological reserves and protected areas
Contains Parks and protected areas managed for important 
conservation values and are dedicated for the preservation of 
their natural environments for the inspiration, use and 
enjoyment of the public. Places of special ecological 
importance are designated as ecological reserves for 
scientific research and educational purposes.
June 2009
Ungulate winter range
The dataset contains approved legal boundaries for ungulate 
winter range and specified areas for ungulate species.
April 2010
Old growth management areas (legal)
Legally established and spatially defined areas of old growth 
forest that are identified during landscape unit planning or an 
operational planning process. Forest licensees are required 
to maintain legally established OGMAs when preparing 
FSPs. OGMAs, in combination with other areas where 
forestry development is prevented or constrained, are used 
to achieve biodiversity targets.
April 2010
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Old growth management areas (non-legal)
These are spatially defined areas of old growth forest that are 
identified during landscape unit planning or an operational 
planning process. Forest licensees are not required to follow 
direction provided by non-legal OGMAs when preparing 
FSPs, and may choose to manage required old growth 
biodiversity targets in other ways. OGMAs, in combination 
with other areas where forestry development is prevented or 
constrained, are used to achieve biodiversity targets.
October 2010
Mineral reserve sites
Defines areas within the province of British Columbia where 
mineral, placer and coal claims are restricted.
September 2010
Coal fields of BC with coalbed methane potential
A polygon coverage showing the location of coalfields with 
coalbed methane potential in BC.
September 2010
Agricultural land reserves
The spatial representation for agricultural reserve land, which 
is a parcel of land, based on soil and climate, deemed 
necessary to be maintained for agricultural use. The ALR 
digital data is not considered the official representation of the 
ALR. The Agricultural Land Reserve (ALR) is a provincial 
zone in which agriculture is recognized as the priority use. 
Farming is encouraged and non-agricultural uses are 
controlled.
June 2009
Recreation polygons
The spatial representation of a recreation feature. This can 
be either a recreation reserve, recreation site, or an 
interpretative forest.
June 2009
Recreation scenic areas
This spatial view is a multi part polygon feature that indicates 
that the forest district Manager has identified, or made 
known, a Visual Landscape Inventory. Once a visual 
landscape inventory for an area has been completed, the 
most sensitive landscapes are made known as scenic areas 
under the Forest and Range Practices Act to enable 
management and protect the resource.
June 2009
Recreational features inventory
The RFI identifies areas of land and water encircling a 
recreation feature or combination of features that support, or 
have the potential to support, one or more recreation 
activities. These areas are rated for their significance or 
importance to recreation and for their sensitivity to alteration.
June 2009
Caribou herd locations
This data identifies northern, boreal and mountain herds as 
well as herd status and risk.
June 2009
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Vegetation resource inventory (VRI)
A composite table comprising the polygon table attributes 
joined to the attributes from the non veg, non tree, land cover 
component, tree layer, tree species and tree volume tables. 
This SDE layer coverage contains vegetation cover from the 
Ministry of Forests. Attribute information is also maintained in 
this table. It will supersede F_FC. Vegetation Cover is 
comprised of spatial layers for the collection, manipulation 
and production of forest inventory data, which has 
accompanying textual attributes.
July 2009
Freshwater atlas stream network
Flow network arcs (observed, inferred and constructed). 
Contains no banks, coast or watershed boundary arcs. 
Directionalized and connected. Contains hierarchical key and 
route identifier.
July 2009
Freshwater atlas wetlands
All wetland polygons for the province. June 2009
Predictive ecosystem mapping (PEM)
It is a modeled approach where ecosystem attributes and 
relationships are used to predict ecosystem representation in 
the landscape -  it integrates the biotic and abiotic ecosystem 
components of the landscape.
May 2010
From GeoGratis (Natural resources Canada website for GIS data - 
<http://aeoaratis.cadi.qc.ca/>)
GIS layer Retrieved on
Land capability for agriculture
It shows the distribution of Canada land inventory capability 
classes for agriculture, with areas and crop limitations for 
each category.
April 2011
Land capability for recreation
It shows the distribution of the degree of opportunity for 
recreational use.
April 2011
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